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ABSTRACT

This report presents the resulcs of work on tte modeling of com-
munication receivers at both the circuit detail level and at the block
level. The largest effort was devoted to developing new models at the
block modeling level. The available effort did not permit full develop-
ment of all of the block modeling concepts envisioned, but idealized
blocks were developed for signal sources, a variety of filters, limiters,
amplifiers, mixers, and demodulators. These blocks were organized into
an operational computer simulation of communications receiver circuits
identified as the Frequency And Time Circuit Analysis Technique (FATCAT).
The simulation operates in both the time and frequency domains, and per-
mits output plots or listings of either frequency spectra or time wave-
forms from any model block. Transfer between domains is handled with
a fast Fourier transform algorithm,

A separate block model effort was devoted to developing block models
for use with the circuic simulation MIMIC.

Two efforts in modeling at the circuit detail level were also car-
ried out. One of these demonstrated the feasibility of interfacing the
time-domain analysis program CIRCUS with a frequency-domain analysis pro-
gram to provide a more powerful model. The other effort demonstrated
the use of ECAP to determine input parameters for CIRCUS which are other-

wise difficult to determine.
Computer listings of the software developed and examples of use of

the programs are included.
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FOREWORD

This report was prepared at the Engineering Experiment Station at
the Georgia Institute of Technology for the Astrionics Laboratory of
Marshall Space Flight Center under Contract NAS8-28148. The work was
carried out under the direct supervision of Mr. J. R. Walsh, Project
Director, and under the general supervision of Mr. D. W. Robertson,
Chief of the Communications Division. The report describes the results

of a one-year effort on the modeling of communications systems,
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1. INTRODUCTION

This report discusses the results of a one-year effort directed
toward the modeling of communications receivers. This effort followed
a program carried out during the previous year under contract NAS8-20054
in which transmitter modeling was considered. Most of the modeling work
carried out on the former program was directed toward modeling at the
circuit detail level, and the simulation program CIRCUS was used as the
primary analysis tool. Accomplishments under that program have been
documented in previous reports [1,2].

On the current program, modeling of communications receiver circuits
has been carried out on both the circuit detail level and the block model-
ing level, with emphasis on the latter. Several existing circuit simula-
tion programs have been investigated and three of these (CIRCUS, ECAP,
and MIMIC) were used in the modeling efforts reported herein. In addi-
tion, using a block modeling approach, work on a new circuit simulation
program was undertaken and the program was developed to an operational %
state that provides a highly useful circuit analysis tool. However, the :
present form of the program is far from realizing the potential that the
approach offers.

Two lines of effort were pursued in circuit detail modeling. One of
these was an investigation of the feasibility of interfacing CIRCUS with
some other circuit analysis program which operates in the frequency do-
main, thereby creating a more powerful analysis tool. The other effort
was concerned with using ECAP as a basic tool for providing certain in-

put parameters for CIRCUS which are difficult to determine otherwise.

The results of both investigations were promising. {
The need for interfacing CIRCUS with some other program arises from !
th. fact that CIRCUS operates entirely in the time domain. Processing
of signals requires step-by-step integration of the time function. Such
a procedure is necessary when dealing with nonlinear portions of a cir-
cuit; when linear circuits with known transfer functions are involved,
the effect of the circuit is much more readily computed in the frequency

domain. Thus a model with the capability of processing nonlinear circuits .




in the time domain, and linear portions in the frequency domain would be
very attractive. Since CIRCUS is a very powerful time domain simulation,
it would provide a good starting point for creating a two-domain model

if it could be successfully interfaced with a frequency domain model.

The investigations conducted were really in the nature of feasibil-
ity investigations. Methods were developed for extracting the computed
time functions from CIRCUS, converting them to the frequency domain, and
displaying either time or frequency functionms. This work is discussed
in Section II and all software developed in this effort is listed in
Appendices A and B.

The work with ECAP was directed toward using the a-c analysis cap-
abilities of ECAP to investigate circuit parameter effects on the trans-
fer functions of certain circuits, and thereby determine suitahle para-
meter values for entry into CIRCUS. There are certain parameters requir-
ed in specifying circuits to CIRCUS which are not easily estimated. Onme
example is the values of coupling coefficients in coupled circuits. Un-
less reasonably good values for these parameters can be determined prior
to entry into CIRCUS, interpreting the program's output may be very near-
ly impossible if it runs; sometimes the program will not even operate if
the values are unrealistic.

The investigations reported herein show that ECAP is a useful tool
for determining parameter values in many cases, Details of the investi-

gation are also discussed in Section II.

e L e

The ma, or effort in this program was devoted to circuit models based
on a block modeling (as opposed to circuit detail modeling) approach.
The block modeling work can also be divided into two lines of effnrt,
The primary effort was devoted to developing models for circuit blocks

and combining them to create an entirely new simulation progzram. The

other effort consisted of investigating the use of the simulation pro-
gram MIMIC in modeling circuits with feedback loops on a block modeling
basis.

Development of the new simulation program was directed toward model-
ing each subsystem (mixers, filters, amplifiers, etc.) as a single block
in order to obtain an efficient program for rapid analysis of communica-

tions receivers. The simulation was planned from the beginning to operate
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in both the time and frequency domains. A representation of the signal
is stored in a complex data array, and all prccessing blocks operate on
this array. The array contents at any given time may be either a dis-
crete spectrum representing the frequency function, or data points repre-
senting samples of a time waveform. The array conten:s are transformed
from one domain to another as needed by a fast Fourier transform (FFT)
algorithm,

The block model for each subsystem can be modeled in either the time
domain or the frequency domain. Blocks have been created for signal
sources, a variety of filters, mixers, limiters, amplifiers, and demodu-
lators. Other needed scftware was developed to create an operational
simulation identified as the Frequency and Time Circuit Analysis Tech-
nique (FATCAT). Control software was designed for conversational opera-
tion from a real time computer terminal; it is readily adaptable to
batch processing, however.

The program was developed and completely implemented on a Univac-
1108 computer at Georgia Tech. Required modifications were then made to
adapt the precgram to a SIGMA-5 computer at Marshall Space Flight Center.
The program is discussed in Section III and descriptions and listings of
all software for the Univac-1108 version are given in Appendix C., List-
ings of the SIGMA-5 versions of those routines requiring modification
are given in Appendix D.

Although the version of FATCAT presented here was brought to an opera-

tional state and has proved to be a highly useful simulation, it is by

no means the ultimate simulation of its type. Many ideas exist for im-
proving the program which could not be investigated during the time avail-
able. Ideas for improvement include changes to upgrade some of the exist-
ing model blocks, creation of new model blocks, and odditional features
that could be added to the control software which would make the simula-
tion even easier to use. Some specific examples of improvements that
should be developed are pointed out in Section I11ID.

The other block modeling effort carried out under this program made
use of the simulation program MIMIC, a dynamic system simulation program.
MIMIC accepts user inserted "models" in the form of equations, and this

feature was investigated as a method of modeling circuit blocks. The in- !

vestigation is discussed in Section IV,
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II. MATHEMATICAL MODELING OF COMMUNICATIONS CIRCUITS
ON A CIRCUIT DETAIL BASIS

A, Interfacing CIRCUS and the FFT

1. Time Domain vs Frequency Domain Analysis

One of the major efforts related to circuit detail modeling
was devoted to interfacing CIRCUS with other programs so that frequency
domain representations of signals could be obtained. CIRCUS itself
operates entirely in the time domain. Processing the signal requires
step-by-step integration, often with very small steps. Although the
process can be time consuming, it is & good method for performing analy-
ses that must be performed in the time domain, such as analyzing non-
linear circuits or calculating the transient response of any circuit.

1f only the steady state solution is desired for linear circuits,
frequency domain analysis can be applied. Since frequency domain analy-
sis is generally much less time consuming, and also since the steaay
state response is of prime interest in most circuit investigations, it
would be preferable to analyze linear circuits in the frequency domain.
However, entire equipments (such as a communications receiver) cannot
usually be analyzed entirely in the frequency domain since they usually
contain nonlinearities. The ideal solution would be to have an analysis
program that operates in both domains and to have the ability to trans-
fer from one domain to another.

The investigation reported here was directed toward investigating
the possibility of combining circuit detail models which operate in the
two domains, and thus create a single more powerful model with more effi-
cient operation. The job of actually creating such a model was beyond
the scope of this investigation, and only a feasibility study has been
conducted.

Specifically, the task undertaken was to develop an interface with
CIRCUS which would permit extraction of computed time waveforms. These
signals could then be operated on with a fast Fourier transform (FFT) to
obtain frequency domain representations of the signals. Such an inter-

face has been constructed, along with some supporting software that
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permits recovery of the CIRCUS-generated signals, transforming between
domains, and output of results. Details of the interface and software

are described below, followed by sample runs.

2. Description of Interface and Software

For purposes of this feasibility study, the modifications made
internally in CIRCUS were kept to a minimum. The immediate objective
was to gain access to the computed time waveform data points, and to
write these into a file external to CIRCUS so that the data would be
stored when the run terminated. Other software was then constructed to
access the stored data file and process it.

After examining several of the CIRCUS subroutines, it appeared that
the desired data could be obtained easily by constructing a subroutine
to be called by the PLOT statement. As a working procedure, subroutine
PLOTER was disabled (by commenting out its call in subroutine LINK6A),
and a new subroutine, PLTDTA, was constructed to extract the data.
PLTDTA writes the data out on one of the FORTRAN output units (currently
set at 19) and then terminates. This form of modification permitted
testing without the necessity of revising the CIRCUS command structure.
The PLOT statement could be used to specify the outputs wanted, and out-
puts from as many nodes as desired could be obtained. Thus the changes
in CIRCUS were limited to construction of PLTDTA plus minor modifications
to LINK6A. The modifications made in LINK6A were (1) deleting the calls
to PLOTER by inserting comments on line, and (2) inserting calls to
PLTDTA at the appropriate point. Listings of PLTDTA and the modified
version of LINK6A are given in Appendix A.

The output generated by PLIDTA consists of two parameters and three
arrays. In order these are: (1) the parameter NPNT specifying the num-
ber of points per data set; (2) the parameter NPLOTS specifying the num-
ber of data sets to be outputed; (3) the array TIME containing NPNT
entries of the times corresponding to output data points; (4) the array
PLOT containing NPLOTS sets of output data, each consisting of NPNT

values of a node voltage, an element current, or whatever variable was

ced

N
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called for in the PLOT statement;* and (5) the array TITLE containing

the title of the run (not used by the current version of the interface

program) .
In using the program, the modified version of CIRCUS is run with a

PLOT statement included that has a list of the variables to be written

out. When the computations are finished the CIRCUS run is terminated.

The interface program can then be activated to call the data file and
operate on it; the call is non-destructive and the same data file can

be processed many times by the interface program.
There is one specific requirement that the user must be aware of

and provide for. The FFT is designed to work only with data sets of N

points where N is a power of two (N = 2IGAM | yhere IGAM is an integer).

Since the theory underlying the FFT requires that it be applied only

to periodic signals, the user must pre-determine the period of the out-

put waveform to be generated by CIRCUS. The period must then be divided

by the chosen value of N (with N = ZIGAM) to determine the time step

at which outputs will be generated. This procedure insures that exactly

N consecutive outputs will represent exactly one period of the output

wave form,
While the time step size must be carefully determined, the overall

time interval for which outputs are generated is not critical. More

than N points can be outputed so long as exactly N consecutive points

represent one period. In general it will be desirable to output more

than N points so that if the first few contain transient effects they

can be discarded.

The interface program, PLT, is used to access the data file and dis-
play the data in either the time domain or the frequency domain. Display
or fre-

capabilities include printed listings and plotted time waveforms

quency spectra. Two types of plot routines are avai lable, printer type

plots (scaled not to exceed 72 columns so that they can be diselayed by

a teletype terminal), and Calcomp plots (frequency spectra only).

*
This list can contain any of the output variables specified in the CIRCUS

users manual [3].




In the next section a specific example of using the program is
shown, and the overall operation is further exaplined. A listing of all

software used in the program is given in Appendix B.

3. Example of Using the CIRCUS-Frequency Domain
Interface Program

Consider the simple transistor feedback amplifier shown in

Figure 1. This amplifier, when operating in its linear region, would
have a gain approximately equal to the ratio of the collector to emitter
resistances. The drive has been set to a level such that the amplifier
operates in a nonlinear region, theyby producing distortion in the out-
put signal. A sample executior of the CIRCUS-frequency domain interface
program for this circuit is presented to demonstrate the capabilities of
the program,

Before executing CIRCUS, the file to accept the time waveform data
from CIRCUS must be declared and linked to logical unit 19. The setup

on the Univac-1108 is as follows:

@ASG,A PFILE,
@SE 19, PFILE

PFILE could be either a tape file or a mass storage file; as used here
it is a Fastrand (mass storage) file. Execution of CIRCUS with a plot
statement containing the data to be plotted will write these data on
PFILE. An execution of CIRCUS for the simple circuit shown in Figure 1
is shown in Figure 2.

To use the transform and plotting program PLT, the file containing
the CIRCUS data must be assigned to the runm by the statements:

@ASG,A PFILE,
@USE 19, PFILE

The command to execute the plotting program produces several messages
relative to the number and size of the data sets generated in CIRCUS and
to the number of points in a transform. Figure 3 shows a sample execu-

tion of the transform and plotting program. The first messages received
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@eCAT PFILE.,F2
READY

@ASGsA PFILE.
READY

@USE 19,PFILE
READY

exXuT CAA3.

START 51
eADD CD1 «DATAL7

*SINGLE STAGE TEST CIKCUIT?’

Rlis 15 2, 100

R2s 3s 75 B2E3

R3s, 0, 3, 2.2E3

R4, 4, 75 1.E3

KSs 5, 6, 68

R6, 0s 65 270

Cl, 2, 35 1+E=-8

C2, 0, 6> loE'6

USls 0, 75 120

Tl, 35 45 5, 2N697

SUls Os 15 Oes 055 0e> 2.E~6
DEVICE PARAMETERS

TRANS ISTOR, 2N697, NPN»

KBs 70es RCs» 1.5, RE» «001, Al, S4.E~-12,
Phllos «9, N1, «37» A2, 30035"12) PHIa: «9,
N2s 36> IES, 4+.47E-14, ICS, 2.24E-13, THETAN, 38.8,
THETAL, 355

BNs Oes 1eE=5, le, 68
BIs Oes LeE=5s les 407

TCNs, 001, 9.93E-10

TCl, +001, «91E-7

END

INTERVALS s «125E-6, B.E-6

PRINT, UNl, UN2, VN4> 1BT1, ICTI
PLOT, UNl» UN2, VN4, IB1T1, ICT1
HOLD FINAL CONDITIONS
EXECUTE

EXECUTE

LINKS 50

Figure 2. Execution of CIRCUS for Test Circuit.
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TIME
(NSEC)
«0
125.0
250 .0
375.0
500 .0
625 .0
750 .0
875 .0
(USEC)
1.000
1.125
1.25C
1375
1.500
1.625
1750
1.875
2.000
2.125
2250
2375
2.500
2eti!Dd
24750
2875
3.000
3.125
3 «250
3375
3500
3625
3750
3875
4.000
44125
44250
4375
4.500
4.625
44750
4.875
5.000
5.125
5 «250
5375
5500
56629
5750
5875
6.000
6125

VN1

0.000
«191
«354
«4 62
«500
o462
«354
«191

1-589‘08
-e191
-+354
-e4 62
~«500
-4 62
-.354
-«191
'3.179'08
«191
«354
462
«500
.[l(\“/
¢354
«191
2.265-07
~e191
-e354
-l 62
-¢500
-e4 62
-e354
-0191
-4.212-07
«191
¢354
462
«500
462
¢354
«191
5¢563-07
=191
-e¢354
'0“62
-¢500
-ed 62
-«354
-¢191
-8+106-07
«191

*SINGLE STAGE TEST CIKCUIT®

VN2 UN4 IBT1
10676'08 6.91 7.491'05
«14¥ 5459 4.245-04
«296 374 40558'0“
«399 238 4.811-04
«430 2.19 5.375-04
4l4 217 30399‘04
¢354 2.15 ~1.160-04
241 2 e84 ‘50401‘04
4.633'02 Ye76 ‘30996‘04
-eldq 8046 ‘50984'04
-«306 10.6 “2.144-04
-e420 11.7 -1.022-04
=466 il.9 3.461-06
-+436 11.9 6.266-05
°o343 1104 1'624‘04
-«201 9.95 2823 -04
-2.918=-02 791 3.838-04
0145 5072 4-551‘04
«296 377 4.886-04
«400 2.40 4.794~-04
«431 2.19 5.303-04
et ]t 2ol 3.332-04
355 2.15 -1.222-04
«240 2.90 '50305'04
A0604'02 5-79 ‘3.955'04
'01“4 849 ‘2.976-04
-+306 106 -2.141-04
=¢419 117 -1.013-04
=466 12.0 2.678=-06
-e435 11.9 6.238-05
-e342 11 4 1.616=-04
=200 9.96 2.817-04
-2.903-02 793 3.832-04
145 Se74 4.544-04
296 379 4.876-04
«400 242 4.774-04
432 219 5.247-04
415 .17 3.278-04
«356 2.15 -1.271=-04
«239 294 -5.232=-04
4.583-02 5.82 =3.925-04
-. 144 850 -2970=-04
-«306 10.6 -2.139-04
419 117 -1.007-04
-e465 12.0 2.095-06
~e435 1109 6+217-05
LY 11 ¢4 1.609-04
-.200 9.98 2.812-04
-2.892-02 795 J.827-04
o145 5.75 44538=-04
Figure 2. (Continued).
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5.094-03
6.407-03
80264'03
9.618-03
9.806=03
9.833-03
9.853-03
9.‘56'03

60241‘03
3.538-03
1.443-03
2.884-04
5.021-05
9'485‘05
6.221-04
2.054‘03
4.088-03
6.282-03
80228‘03
9.598-03
9.806-03
9.832-03
90852'03
9.102-03
60206‘03
3.514-03
1n“24'03
2.773-04
4.784-05
8+995-05
6.091-04
20036‘03
40070'03
6.263-03
8.211-03
9.584-03
9.805-03
9.832-03
90852'03
9.061-03
6.178=-03
3.495-03
10409°03
2.683-04
4.604‘05
84619-05
5.989-04
2.022-03
4.055-03
6.249-03

. o——
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END LS 43
TIME UN1 VN2
(USEC)
6250 354 296
6375 462 «400
6500 «500 432
6625 <462 415
6.750 «354 «356
6875 191 «239
7.000 1.005-06 4.567-02
70125 '0191 -eld4
70250 ‘OSSQ °0306
70375 -4 62 -e4l9
7 500 -e¢500 -e465
70625 '.462 '0435
76750 ‘0354 -e342
70875 °0191 -¢200
84000 -1319-06 -2.882-02

END OF JOUB

END OF JO0B

ENDJOB 43

END 8049 MLSEC

Figure 2.

*SINGLE STAGE TEsT CInCUIT?®

VN4 IBTI1
3«80 4.867-04
2.43 4.759-04
219 30202'04
2417 323504
215 -1.310-04
297 ~“5.176=-04
584 -3.901-04
8«52 -2.965-04
10.6 -2.137-04
117 '10002’0“
12.0 1.661-06
11.9 6-201'05
11.4 1.604-04
9.99 2.808‘0“
796 3.823-04
(Continued).
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8.197-03
9.573-03
9.605-03
9.832-03
9.851-03
9.026=-03
6.157-03
30481‘03
1.397-03
2¢611-04
4.468-05
8.331-05
5.908-04
2.011'03
4.043-03

e 5 N
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exXCT PLTe

THF NUMREF OF POINTS PER DATA SET = 6%

1HE NIMREFR OF POINTS USEL IN A TRANSFOMM = 32
THE NUMRER OF DATA SETE = 5

FNTEP @ FOP PRPIN1 OF DATA SET FROM CIRCUS
ENTEF PLUS DATA SET NUMKER FOP FRER F(N
ENTEP MINUS DATA SET NUMREF FOF TIME FCN

@
ENTEEF @ FOR TIME LISTING OR DATA SET NIMEER
@
TIME
I, 1.06AR=A7 2.500p-A7 3.7500-07 S.0000-07 6.0500~07
7. 50RA-A7 R.T500-07 1.0000-06 1.1250-06 1.2500-06 1. 23750=05
1. 50PP-R6 1.6050-06 1.75AA-06 1.8750-06 2.0000-06 2. 1250~ 06
5.05AR-P6 D.3750-R6 2.50A0-06 2.6250-06 2.7500-06 0.8750- 06
2 ARAP-P6 3. 125A-P6 3.025AR-06 R.375A-06 3.5000-76 2. 6250 76
7.7500-(6 3.R750-P6 4. APPA-0P6 4s 125A-06 4. 25A0-06 4. 2750~ 06
4. SAPP-06 4.6050-06 4.75A0-06 4.RTS5A-06  S.0700-06 S.1950- 76
5. 05AN-P6 5. 3TS5R- 06 5. 50AA-P6 5. 6250-06  5.7507-06 5.K750- 06
6.00PR-06 6.1250-06 6.2500-06 6.2750-06 6. 5000-076 6.6250- 06
6.7500-06 6.RT5A-36 T.000A-06 7.1250-06 7.2500=R6 7.23750- 06
7.5000-06 T.6250-06 1.750A-06 T.8750-06 B.pPANA-C6
INTER @ FOP PPINT OF DATA SET FROM CIRCUS
ENTER PLUS DATA SET NUMREP FOF FREQ FCN :
ENTEP MINUS DATA SET NUMRER FOR TIME FCN ;
e i
ENTER @ FOR TIME LISTING OF DATA SET NIMFEP
: 3
; IaTe SET NIMBREP 2
4
g 6.006A+AR S, 5934+00 2.7362+0 2. K16+00 2. 10364070 2.1672+00
; ?01467'09“ ?o“lllll.l'ﬁaa 5.758“*““ He U620+ 00 I.ﬂ557+¢| ‘cl7‘?"'al
i 1.1905A+ P71 1.1905+@1 1.1378+@1 Q9.0465+00 7.0117+04 . 71823+00
2. 7717+00 L. 4R1T+AR 2. 1941400  2.1675+00 2. 1475+00 D AR A+ AN
5.7043+ A0 R.4850+00 1.7576+01 1.1723+01 1.1952+01 1.1910+01
1.1301+01 0.9642+A0 7.9304+P@ 5.T36R+00  3.7390+00 Del] 50+ A0
0.1945+00 P.1677+00 2.1481+00 2.9304+00 5.R219+00 ReSAUT+AP
1.0501+@1 1.1720+A1 1.1954+01  11914+01  1.1471+01 Q.07%2+ 0P
7.0450+AR 5.7514+@0 3.RA2B+AN 2. 4272+00 2. 104R+AD 2.1679+ 00
O |URE+ PP 2.9717+00 S.RU3IS+0A ReS195+ 000 1e PERAJI+ A 11729+0)
1.1056+R1 11917401 1.1409+P1 0.9R891+00  7.9569+00
ENTER @ FOF PRINT OF DATA SET FFOM CIPCUS

: ENTER PLUS DATA SET NUWMKEP FOR FPREC FCN
T FNTER MINUS DATA SET NWMPRER FOF TIME FCN
Y a

¥ Figure 3. Execution of Interface Program.

13 o




ENTER 1START
a0
THEF PERIOD UF THE TIME FUNCTION = 4.00pp-R6 SEC

ENTER 108 FOR PKIN1, @#1@ FOR CALCOMP PLOT, OR Q@1 FOFP TTV PLOT

100
LINE REAL IMAG DR
| -2.7697-02 e PAPA -21.1%
o “ 4.9 bbu-04 6.6766-04 -61.632
K 5. AP0 1-A2 7.9110=-023 - 232, 2]
4 -0, 136505 - 6e3436=~04 -62.R6
5 - 2.3060-02 9.5255-02 - 22,06
6 ~6.62337-04 2. 3214~-04 -62.06
7 2.9155-M2 - 4. 5R 56~ NP - 25,30
8 -1.0304-0‘4 '1016?9‘93 -5’-‘057
9 -7 RUTR=-QP -1.6430~-03 -22.1p
' 0 - 5. 3355-p4 R.9614-04 -62.55
11 2.2091-@1 1.2146-02 -12.72
12 1.2043-02 - 1.6299-03 - 54417
13 -1.23070-01 2.1161-02 -17.42
la '|07313'a3 -QOGQSQ‘QS '55022
15 1. 473R+00 -2.2625+70 Ko 63
‘6 ‘“o“QOB'QQ -3.45]9"0‘3 "4“006
17 6005554‘“3 Pe APAO l6l“5
]R ‘8.“063‘“4 30 4510-0‘3 ‘“8096
: 19 1. 4738+ 00 0, 2625+0P0 Re 62
i o -1.7313-03 &+ 6959-035 - 55,29
A 21 -1.2070-01 -3.1161-72 -17.42
! 29 1« ?942-¢3 1.6229-072 -54.17
‘ 23 De 309 1= 01 -1.2146-02 -12.72
o4 - 5. 3355-04 -3.9614-04 -62.55%
25 =7.R4T7R=-02 1.6430-73 -22.10
26 - 1.02304~-04 1.1629-03 - 5F. 57
27 2.9155- 02 4o SR56- A2 -25.230
28 -6.6337-04 ~D.3214=-04 -623.06
29 =24 3060- 02 -9.5255-M2 - 32. 06 },1
ae -9. 136575 6. 2436-04 - 63.86
2y 2.709 |- 02 -7.9110=-023 -23. 31
32 ~ld.9 144~ 04 -6.6766-04 -61.63
ENTER @ FOP PPINT OF LATA SET FROM CIFCUS
ENTER PLUS DATA SET NUMREF FOR FFPEQ FCN 1

FNTER MINUS DATA SET NWMREPR FOF TIME FCN
-3

.....

Figure 3. (Continued).
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ENTEP ISTART

32
ENTER 1@? FOR PPINT, #1@ FOR CALCOMP PLOT, OR #®1 FORP TTV PLOT
1e0
LINE REAL IMAC LR
1 9.9642+0R PePPPR 19.97
2 7.0 30U+ e PROR 17.99
3 5.7368+0p 2. 2020 1517
) 2.4159+ 00 P PPPR 7.66
6 2.1945+ 00 P. 2000 6053
7 2.1677+00 P AOPP 6.72
9 29304+ 00 Re OOAQ Q. 37
1€ S5.8219+00¢ Pe A2PA 1 5. K1 '(
5 12 1.7591+01 De POPR 20 50 ,
i 13 1. 1732+01 0. 0000 21429 2
i 14 1. 1954+ 01 . 20QN 21.55
: 15 1. 1914+ Pe AROR 21.52 3
: 16 le 1401+ 01 P AP OQ 21.14
; 17 9.9782+ A0 P PO 19.98 ]
4 IR 7.9452+00 P APOR 16.020 1
o 19 57514+ 00 N. AAAA 15.20
on R.BAPR+ AN Pe QOO 11.60
21 2. 4272+ 00 Re AANA 7.7¢
P2 P ‘QQF‘*aa Pe PRACR 60“3
23 Pe l670+ﬂﬂ Ao X7 6. 72
24 . |URE+PQ Re AAPR 6. 64 3,
25 2.9717+040 P 0000 9. 46 e
26 5.84235+ 00 Pe POOR 15. 33 ‘\
27 Re 5195+00 Pe PP PP 1R 61 ;
2K 1e P603+R1 Pe PVPQ 20. 51 ;
29 1.1739+01 7. POAR 21.39
an 1« 1955+01 Pe PPPQ 21+55 !
31 11017+01 Pe QPO 21¢52
32 le 140290+ Pe POPR 2115

ENTER @ FOR PRINT OF DA1A SET FROM CIRCUS
ENTER PLUS DATA SET NUMRER FOR FPEQ FCN
i ENTER MINUS DATA SET NIMRER FOR TIME FCN
w K

——— s

E Figure 3. (Continued).
] s
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after execution begins indicate a data set size of 65, the number of
points in a transform to be 32, and the number of data sets to be 5
(these correspond to the 5 variables in the PLOT statement, see Figure
2). A message set then follows which requests the entry of an integer,
a zero for print of a data set, a positive data set number for output
of the frequency function, or a negative data set number for output of
the time function.

The example shows the entry of a zero followed by another zero in
answer to the next question, thus indicating data set number O (the time
listing). This is followed by the 65 entries from CIRCUS making up data
set 0. After the printing of these data is complete, the original ques-
tions pertaining to the data desired are repeated as shown in the example
of Figure 3. This time a print of data set 3, the node 4 output volt-
age, from CIRCUS was requested.

The next response was a +3 requesting the frequency domain repre-
sentation of data set number 3. The program then requests the value of
ISTART, an integer specifying the starting index for the 32 values to be
used in the transform. Care should be exercised to insure that ISTART
is never greater than the number of points in the data set minus the num-
ber of points required for a transform; otherwise, the transform data !
will be taken from two adjacent data sets (or partially from an adjacent
storage area) and the transform will be meaningless. i

After entry of the value of ISTART, the period of the time function
is displayed. This display occurs only on the first call for either a
time function or a frequency function. \g\

Next a statement relative to the type output desired is displayed.
The code for response to this statement is 100 for print, 010 for Cal-
comp plot, and 001 for teletype plot. The example shows a request for
print, followed by a printing of the 32 values of the frequency function

obtained from the original data set number 3 starting at array element

number 32. The three output types may be called individually, in pairs,

or all at one time. For example, responding with 111 would generate
printed output, a Calcomp plot, and a teletype plot of the specified data
set. The response 101 would produce printed output and a teletype plot.

16
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After execution of the print command in the example of Figure 3,
the program cycles back to the first set of questions and asks again for
the entry of a O, or plus or minus a data set number. The response
in the example of -3 indicates a request for the time waveform of
data set number 3. Next, in response to the questions generated by the
program, ISTART is specified as 32, and an output type of 100 (printed
output) is entered by entry of the number 100. This is followed by a
print of the 32 data points which would be input to the FFT had a fre-
quency function been called. These 32 points are from data set 3, start-
ing at element number 32 and ending at element number 63. This provision
for selecting any 32 consecutive points desired from a (5 point data set
allows the first part of the data to be skipped when it contains a tran-
sient response.

After execution of the given command che program again responds with
a request for output data type desired. The example of Figure 3 shows a
request for the frequency function of data set 3 starting with data set
element number 32 and for a teletype plot of these data by entry of 001

to the request for output type. The program next asks for entry of FLO,

2 A

the lowest frequency desired in the plot. This can be any frequency com-

patible with the size of the stored frequency function. Entry of this

2 S D e e

frequency is followed by a request for entry of FHI, the highest frequency
desired in the teletype plot. Entry of these two frequencies satisfies
the requirements of the program and a plot is produced on the teletype

as shown in the example of Figure 4. The ordinate of the plot is dis-
played horizontally and is calibrated in decibels with automatic scaling.

The abscissa of the plot appears vertically (along the teietype paper)

and can be any length. This axis along the paper is the frequency axis :

extending from the FLO to FHI specified. !
Completion of the teletype plot again generates the request for the i

output data desired which in the example is answered by a -3, a request

for the time function of data set number 3. Again the request for ISTART

is responded to with a 32 and a teletype plot is requested by entry of

001. Since a time plot has been specified, the program requests that the :

starting and stopping value of the index of the data array be entered.

17

-
\




ENTER I START
32
THE PERIOD OF THE TIME FUNCTION = 4.2000-06 SEC

ENTER 12m FOR PRINT, @1¢ FOP CALCUMP PLOT, OF @¢1 FOF TTY PLOT
1481

ENTER FLO
-3.75E6

ENTER FHI1

2, 75F6

NSI7EF = 31
FREGUENCY (MHZ) DECI RELS

- 30 -2n -1 ? e o0
I----+----I-‘--+"-‘-I----+----I--'-#'--'I----*---’I
«-3.750 1
-~ 3. 5000 1
-l3.250 1
- 3. 000 1
'?075(5 1
-2.500 1
-2.250 1
~2:.000 J====- -=
-1.750 1
-1e 5P lJe=mecceccemcmccro=-
=1.250 1
-1 PAPP J-e-cmmee=me-
-.750 1}
~e 50 Je=-m=o== emeseo—- cememsecessccene-co- -
=250 1
AP le-mmemmm- cmssesccermme== ittt
e 250 1
« 5PQ Jemmmemmercesse- reeo—- ceesccssecmcacas=
} «750 1
16000 Jm======= --——-

.25 1 F;
1e 500 Je=eee--ce=- —————- N
1.750 1 \
20 PAR 1-mm==e-
2.250 1
2.5 1-=-=- *
£.750 1
3. 0000 1
3,050 1
3. 500 1
2,750 1
FREQ
ENTEP @ FOR PRINT OF DATA SET FROM CIRCUS
ENTER PLUS DATA SET NUMBER FORP FPEQ FCN
ENTER MINUS DATA SET NUMBER FOF TIME FCN :
- 3 A

LB e gt

O

Figure 4. Spectrum of Data Set 3.
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The data array available for the time plot is contained in an array
having the length of the transform array specified (in this case 32).
Any stopping value up to the maximum length of the array may be speci-
fied (in this case 32). The entry shown is 32. The next request by
the program is that for NJUMP which specifies the number of points
skipped in the array between points plotted. This allows skipping
points between plotted points and is a very useful feature when large
data arrays are processed. In the example shown the transform data
array size is small and the value of NJUMP is entered as 1. The out-
put is shown in Figure 5 which displays the time waveform of the ampli-
fier output.

The last request illustrated is that for a Calcomp plot. The
Calcomp plotting routines and methods used for setting up the plot
files are probably unique with the Georgia Tech 1108 computer, Simi-
lar routines and specific control directives should allow the use of
the plotting routines with a minimum of changes at other installations.
The Calcomp frequency plot routine contains as its last instruction a
write statement to write a message 'Plot Complete'" indicating that the
program has processed the plot routine. The command to generate a Cal-
comp plot of the frequency function is a plus data set number (3 in this
case) followed by ISTART (32) followed by 010. These instructions are
shown in Figure 6, and the resulting plot in Figure 7.

To exit the program, the command CEOF is given. The remaining in-
formation relative to the Calcomp plot and the time to execute the run

is generated by the computer.

B. Use of ECAP for Transfer Function Evaluation

One of the difficulties frequently encountered in the use of CIRCUS
was that of obtaining an accurate representation of a circuit for ancly-
sis. 1If the circuit description presented to CIRCUS is not an accurate
representation of the actual circuit, then the results produced by CIRCUS
will not accurately represent the circuit response. An example of this
type of difficulty is that of entering an interstage bandpass filter

which contains mutual inductance and is situated between two active

19
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ENTFR ISTART

a2

ENTER 1@ FOR PRINT, @1® FOR CALCOMP PLOT, OR @@l FGR TTY PLOT

01

ARPAY SI17E = 32 NSTOP MUST BE EQUAL TO UR LESS THAN THIS VALLUE

ENTEF NSTART

ENTEP NSTOP
32
ENTERP NJIMP

AMPLITULE: MIN .« @00R > MAX «1196+p2 VOLTS

a .l 0? 08 .“ .5 .6 .7 CF‘ .Q 10“
) Py i e Lo TR TS EEE D EE R LD B LD Bl Sl ¢
1 *

I *

1 *
1
1
1
1

26
27
28
29
a0
al
32
N
ENTER @ FOR PRINT OF DATA SET FPUM CIRCULS
ENTEF PLUS DATPp SET NUMRER FOR FREQ FCN
ENTER MINUS DATA SET NWRFR FOR TIME FCN
3

HHF‘H’-‘HO—‘Mt—.t—“-tt—‘.-co—cp—ar-l;—omo—vb—tr—‘n—cr—d»—‘r-

Figure S. Time Waveform of Data Set 3.
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ENTER ISTART

3°
THE PERIOD OF THE TIME FUNCTION =  4.00AA-06 SEC

ENTER 1@® FOR PRINT, @1@ FOR CaL COMP PLOT, OR @®1 FOR TTY PLOT

nia
FNTFR THE HIGHEST DESIPED FREO IN THE SPECTRWM, FMAX

3.75E6

PLOT COMPLETED
ENTERP @ FO® PRINT OF LATA SET FROM CIRCLS ;
EINTER PLUS DATA SET NWMBER FOR FREQ FCN
ENTER MINUS DATA SET NIMBEF FOR TIME FCN

#EOF
PLOT 2.7 MIN 1«3 FT ?OF 112072191104
END 1 348 MLSEC

Figure 6. Request for Calcomp Plot. i
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devices. Such filters usually have bandwidths wide enough to pass the
significant sidebands of a signal of interest after allowing for such
factors as frequency instability and temperature effects. For CIRCUS

to provide an accurate representation of the circuit response, the trans-
fer function of the filter must meet these bandwidth requirements. Since
CIRCUS determines the circuit response by solving for its time response
(which yields only a time waveform), the transfer characteristics of the
bandpass filter cannot be readily determined from CIRCUS calculations.

In a search for better methods of coping with such problems, other
analysis programs were investigated. Those having an a-c analysis cap-
ability in the frequency domain were of particular interest since the
circuit description could be entered in a manner similar to that used
in CIRCUS. If the computed circuit response was not as desired, adjust-
ments in circuit parameters could be made and the transfer function eval-
uated again. Thus the variation of the transfer function with variation
in the value of circuit parameters could be obtained.

With such an a-c analysis capability, much of the guesswork of
entering a circuit into CIRCUS could be removed. This is not to say
that the response of a filter, for example, is independent of the devices
preceding and following it, but that values of circuit parameters could
be determined to yield the desired filter response. These could then
be adjusted for drive and load impedances, possibly by using CIRCUS to
calculate the impedances presented by the circuit external to the filter.

The analysis program ECAP was selected to be used for the a-c analy-
sis calculations. This selection was based largely on the availability
of ECAP on the Georgia Tech Univac=-1108 computer.

To illustrate the use of ECAP, a fairly complex circuit with a known
response was selected. This circuit was the CCS telemetry bandpass fil-
ter for which calculated and experimentally determined responses have
been previously obtained {1]. A circuit diagram of this filter is shown
in Figure 8 with the input transformer replaced by its "T'" equivalent
circuit. The underlined numbers in the figure show the node numbers

used for entry of the circuit into ECAP. The branches are shown in the
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figure as numbers preceded by a "B'" and are from left to right and
from top to bottom. The circuit description in the format required by
ECAP is shown in Figure 9. The circuit response calculated by ECAP
agreed very closely with that obtained earlier, and is shown in Figure 10
by the "x" points superimposed on the response calculated previously [1].
A sample of the output produced by ECAP is shown in Figure 11. The
output of ECAP is not easily interpreted. ECAP essentially re-executes
for each new frequency and therefore produces an excessive amount of
superfluous output information. A much easier to interpret output for-
mat would result if the output data were displayed in tabular form.
The ability of ECAP to solve for a transfer function of a circuit
has been demonstrated and a familiarity with the user program interface

was obtained.

C. Conclusions and Recommendations

An interface with the time domain program CIRCUS has been constructed
which allows the frequency domain representation of time waveforms gene-
rated with CIRCUS to be produced. These frequency domain representations
of signals are generated by use of the FFT algorithm. In addition, the
capability has been provided for easily obtaining listings of the data
sets obtained frowm CIRCUS, or for generating Calcomp or teletype, time
or frequency plots of portions of these data sets.

The a-c analysis capabilities of ECAP have been investigated and
found to be a useful tool for accurate preparation of data for input to
programs such as CIRCUS. This a-c analysis capability is particularly
useful in the evaluation of transfer functions.

It is recommended that the capabilities of the two programs, CIRCUS
and ECAP (preferably the latest versions of these programs) be interfaced
such that nonlinear circujts could be handled with CIRCUS and linear cir-
cuits with ECAP. The link between the frequency and time domains would
be the fast Fourier transform algorithm. Part of this interface has al-
ready been established with techniques discussed in this section. There
remains a need to interface the a-c analysis capabilities of ECAP with
the frequency domain data obtained from CIRCUS. A study should be under-

taken to determine an efficient method of providing this interface.
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Bl
b2
B3
B4
BS
b6
B7

B9

B10O
Bl1
Bl2
b1 3
bl4a
blb
Blé6
B17
bB18
B19
B20
E21
bee
B23
bB24
B25
B26

CCS TELEMETRY BANDPASS

AC ANALYSIS

FILTER TRANSFER FUNCTION

NCOs»1)s R = 50es E = 1¢/0¢
NC(1s,2)s L = -5358L-6
NC0s2)s L = 6.06E-6
NC2,3)s L = 5194E-6
NC(3,4)s R = 778
NCOs»4), C = 20.7E-12
NCOs»4)s h = 5.1E3
NC4,5)s C = 480.E-12
N(5»6)s R = 17
NC6s7)s L = 10.8E-6
NCO»7>)» C = 1368.E-12
N(S5,8), C = 5100E'12
NC(8,9> Kk = 8.01
NC(9,102s L = 51.E-6
N(Bs10)s € = 16+1E-12
NC10s11)s K = 251
NC11,12), L = 16+E-6
NCO,12)s C = 2200«k=~12
NC10,12)s C = 344.E-12
NC10,13)s K = 8.01
NC13,14), L = 51«E-6
NC10s14)s, C = 16.9E-12
NCO»14)s R = 4.7E3
NC.4515)s C = 570.E-12
NC(0»15)s C = 1800+E-12
NCO,15)» R = 620 '
FREQUENCY = 1024.E3
PRINT, VOLTAGES
MODIFY
FREQUENCY = +SE6(+25)3.E6
EXECUTE
END

Figure 9. Circuit Description in ECAP Format.
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Figure 11. Sample of ECAP Output.
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III. MATHEMATICAL MODELING OF COMMUNICATION SYSTEMS
ON A BLOCK BASIS

A. General Description

The Frequency and Time Circuit Analysis Technique (FATCAT) is a
computer implemented program for analyzing communications circuits and
is designed on a block modeling approach, Circuits are represented as
a linear collection of sub-assemblies and FATCAT provides a model block
for a variety of sub-assemblies including signal sources, filters, demodu-
lators, amplifiers, limiters, mixers, etc. The program is designed for
use with either remote terminal or batch processing mode. For remote
terminal operation the program is conversational in nature and provides
considerable flexibility to the user. Input statements to specify the
circuit configuration, to direct processing, and to direct output are
given in alphanumeric codes along with numeric specification of para-
meters. The input formats were designed to be relatively simple and easy
to use.

FATCAT is designed for steady-state analysis of circuits in which
the signal flow is sequential; no provision is presently included for
feedback loops. The model is designed to operate in both the time do-
main and the frequency domain. The signal being processed is stored in
a complex array as either a frequency domain representation of the sig-
nal or one complete period of a time wave form. Transition from one
state to another is made using a subroutine which performs a fast Fourier
transform. Each model block was developed in whichever domain was most
convenient for modeling that block. When calling for signal processing
through any block, the domain representation of the signal which current-
ly exists is checked and, if necessary, the conversion is automatically
made. The same automatic conversion is available on output calls; this
permits examining either the time waveform or the frequency spectrum at
the output of any block. Outputs include both printed and plotted values
of the time waveform or the frequency spectrum.

The entire program was developed and implemented on a Univac-1108 at

Georgia Tech. Operation and command structure of the program along with
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examples of using the program are given in the following sections. A
brief description of each software unit along with a program listing is
given in Appendix C.

After development of the program was completed to its present form,
suitable modifications were made to implement it on a SIGMA-5 computer
at Marshall Space Flight Center. Appendix D gives program listings of

those routines that were changed for use on the SIGMA-5.

B. Program Control

Operation of the program is accomplished by giving a sequence of
defined commands, each command being given basically with an alphanumeric
string of 6 or less characters. In most cases other data, usually nu-
meric will follow the basic command.

The set of commands can be broken into several categories (1) input
(block specification) commands, (2) control commands, and (3) special
commands.

After starting execution of the program, the first input command
will either be specification of the first block of the circuit, or one

of two special commands. These two special commands are (1) the ability

to list the command structure of the program, and (2) the ability to
list the input formats for all input commands. These two commands are 1
provided as a convenience to the remote terminal user and are described

in detail in Section IIIB3. :

1. Block Input Commands \i

Each circuit block is specified with a line entry composed of
the alphanumeric code for that block, followed by the parameters of the
block. The entry items on a line are separated by commas; no comma is i
used after the last item. Each block has a specific entry format and
these are described below,

The blocks of a circuit are entered sequentially in the order that

they occur in the circuit, Thereafter they are identified by number,

i.e., the first block entered is block number 1, the second is block
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number 2, etc. The block numbers are important in directing processing
and outputs.

Flexibility is provided for the remote terminal user in entering
the blocks. All blocks comprising a circuit may be entered before any
processing takes place, or only part of the blocks may be entered and
processed through before the remaining blocks are entered. The user has
the option of adding new blocks to the end of the input string at any
time (provided the block count does not exceed the maximum allowable num-
ber of blocks, currently set at 20). One additional restriction is that
if a block containing a source frequency (a mixer with a local oscilla-
tor, for example) is to be added after processing has begun, the source
frequency must be chosen to be periodic in the time interval represented
by the time function stored in the data array. This time interval (PERIOD)
is printed out at the beginning of processing so that the choice of a

suitable source frequency should be relatively easy.

a. Sources

Two signal source blocks are provided. The first simulates a

signal generator and is called with

SIGGEN, FO, FMOD, AM, PM, FM, A

where
FO = carrier frequency (Hz),
FMOD = modulation frequency (Hz),
AM = percent AM modulation,
PM = peak phase deviation (radians), ‘
FM = peak frequency deviation (Hz), and »
A = peak amplitude (volts). >

The signal generator block provides only sine wave modulation. Com-
binations of AM-PM or AM-FM modulation may be specified, but not PM-FM
(either PM or FM must be zero). As an example, a signal generator with
a carrier frequency of 1.0 MHz, a modulation frequency of 10.0 kHz, 50%
AM modulation plus FM modulation with 8 = 2, and a peak amplitude of one
volt would be entered as SIGGEN, 1.E6, 1.E4, 50., 0., 2.E4, 1.
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A call for processing this block will generate the appropriate time

waveform and store it in the data array.

The second signal source is a flat spectrum (impulse time function)

generator specified by

FLATSP, AMP, DELF, N

where
AMP = amplitude of spectrum lines,
DELF = frequency separation of spectral lines (Hz), and
N = array size.

The user specified values of DELF and N determine the overall frequency
spread of the spectrum being produced and hence determines the period of
the impulse function being represented. When using FLATSP, the usual
computation of the array size and period is not used. The actual value
of N that is used will be a power of 2; if the input N is not a power of
2, it will be automatically raised to meet this requirement. (Example:
if N = 500 is specified, N = 512 will be used.)

b. Filters

Eleven different filter blocks are included which simulate the
action of Buttorworth, Tchebysheff, and synchronously tuned filters in
low pass, high pass, bandpass, and (except for sync tuned) band stop con-
f.gurations. Since the input statements are similar, the commands will
be grouped by types and the inputs for Butterworth, Tchebysheff, and
synchronously tuned filters of each type given in that order. The com-

mands for low pass filters are:

BWLOWP, FC, NR
CHLOWP, FC, NR, EPSDB
SYNLP, FC, NR
where
FC = corner frequency (Hz),
NR = number of filter sections, and

EPSDB = Tchebysheff ripple factor in decibels.
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The inputs for high pass filters are:

BWHIP, ¥C, NR
CHHIP, FC, NR, EPSDB

SYNHP, FC, NR

where the parameters are identical to those defined for low pass filters.

The inputs for bandpass filters are:

BWBNDP, FO, BW, NR
CHBNDP, FO, BW, NR, EPSDB
SYNBP, FO, BW, NR

where
FO = center frequency (Hz),
BW = total bandwidth (Hz), (3 dB bandwidth for synchronous and
Butterworth filters and ripple amplitude bandwidth for
Tchebyscheff filters),
NR = number of filter sections, and

EPSDB = Tchebysheff ripple factor in decibels.

The inputs for band stop filters are:

BWBSTP, FO, BW, NR
CHBSTP, FO, BW, NR, EPSDB

and the parameters are identical to those for band pass filters.

¢. Demodulators

Demodulators for AM, FM, and PM are specified, respectively

with
AMDEMO, FO
FMDEMO, FO
PHDEMO, FO
where

FO = center frequency (Hz).

d. Other Blocks

In addition to the blocks categorized above, several other
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blocks are provided. An amplifier is specified with

AMP, Gain
where
Gain = amplifier gain in dB.

A limiter is specified with

LIM, CL, CH, GL
where
CL = low clipping level (volts),
CH = high clipping level (volts), and

GL = limiter gain (volts/volt).

A frequency multiplier (a wide band harmonic generator) is specified
with
FRQMUL
(no parameters necessary).
An ideal multiplier can be specified with
IDIMUL, ALO, FLO
where
ALO
FLO

amplitude of the LO signal (volts), and

frequency of LO signal (Hz).

2. Control Commands

A number of control commands are used to direct processing and
to generate output. Processing of the signal to the output of any block

is initiated with the command
BLOCK, N

where N is the number of the block. Note that processing occurs only
when this command is given; en:ry of a block specification does not
cause processing through that block.

Signal processing is non-reversible; if processing to the output
of a given block has been completed, the outputs of earlier blocks are
no longer available. Error detecting features are included in the pro-
gram so that a BLOCK call with an N that is wrong will not upset the

ccmputations.
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The command¥*
PRIME FACTORS

will list the prime factors of all source frequencies. These can be
helpful when it is necessary to adjust one or more frequencies slightly
so that all source frequencies will be periodic cn an interval of rea-
sonable size. A periodic interval that is too long will require an array
of excessive size.

The command
END OF JOB

will terminate a run.

Other control commands are used to generate output. Outputs include

printed listing, printer type plots, and plotting equipment outputs of
both the time function and the frequency function. When any of the out-
put commands are given, the output data is from the block output where

processing currently stands. For example, in a six-block circuit, if
processing through block 3 has been effected by the command BLOCK 3, then
any output generated will be for the output of block 3. To examine the
signal at the output of block 5, it will first be necessary to process
the signal with BLOCK, 5, and then call for the output.

For a printed listing of the time function, the command is

PRINTT, NSTART, NSTOP

where
NSTART
NSTOP

the starting array index, and

the final array index (nct to exceed the array size
being used).

In conversational mode, an alternative command is

PRINTT

following which the machine will ask for the starting and stopping indices.

*
Only the first six characters of any command are important, and spaces
(blanks) are ignored. This command can be abbreviated to PRIMEF.
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For a printed listing of the frequency function the command is

PRINTF, FLO, FHI
where
FLO
FHI

low frequency limit (Hz), and

high frequency limit (Hz).
Alternatively, the command
PRINTF

will produce questions asking for FLO and FHI, following which the same
output will be generated. The use of these parameters permits only the
portion of t e spectrum of interest to be printed.

The commands for plotted output utilize the same parameter forms
described above, and when operating from a remote terminal the commands
can be given with or without the parameters. When the parameters are
omitted from the command, the computer will ask for them.

Printer plots (line printer for batch processing, teletype plots for
operation from a remote teletype terminal) of the time function are ob-

tained with

TPLOTT, NSTART, NSTOP, NJUMP

where

NJUMP = interval between plotted points and the other para-
meters are the same as for PRINTT.

Printer plots of the frequency spectrum are generated by

TPLOTF, FLO, FHI
where FLO and FHI are the same as for PRINTF.
Plotter outputs are similarly generated with '
CPLOTT, NSTART, NSTOP
for the time function, and
CPLOTF, FLO, FHI

for the frequency function. 4
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3. Special Commands

Three special commands are included for use in connection with
establishing the size of the data array. Initial processing of any cir-
cuit containing source frequencies (such as those originating in a signal
generator or the local oscillator of a mixer) will start with a determina-
tion of the smallest time increment on which all of the source frequencies
are periodic, and a calculation of an array (sample) size that meets the
Nyquist criterion for all frequencies. The calculated period and array
size will then be printed out and the user asked if the size is satisfac-
tory. At this point the program is positioned at a special input posi-

tion, at which only four commands will be recognized:

YE3
NO

N, NSIZE
END OF JOB

where NSIZE is an integer which specifies the size of the array. 1f the

answer is NO, the program will ask for input of an integer for NSIZE.

For either method of entering NSIZE, the input integer will be adjusted

to a power of 2 by increasing it if necessary, and the new values of N,-
IGAM, and DELTA-T will be printed out. The question of whether these
values are satisfactory will then be repeated. Thus this section of the
program is a loop and will be exited only when a YES response (or an END
OF JOB) is given. Processing of the signal to the block output designated
will continue after a YES is entered provided N lies within acceptable
limits. To be acceptable, N must be at least as large as the value ini-
tially computed in order to meet the Nyquist criterion; at the same time,
it must be no larger than the size of th: main data array declared in the
main program. Since cases can occur where both these conditions cannot
»e met, recognition of END OF JOB has been included at this point to per-
mit a normal termination of the run. Any attempt to continue a run with
N outside the required limits will cause an error termination.

Two other special commands are included as an aid to the remote
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terminal user., The command¥
LIST COMMANDS

followed by a comma and one of several second words will produce a list-
ing of part or all of the FATCAT commands. Permissible second words, and

their effect are:

LIST COMMANDS - print instructions for using list commands,
ALL - list all operating commands,

SOURCES - list commands for inserting source blocks,
FILTERS - list commands for inserting filters,
DEMODULATORS - list commands for inserting demodulators,
MISC - list other block input commands, and

CONTROL COMMANDS - list control commands.

The above instruction will only list the command word for each in-
struction along with identifying information. Input data formats will
not be listed. If the user wants information on the input data format

for any block specification command, the command
INPUT FORMAT

followed by a comma and the name of any block specification command will
produce a listing of the complete command with the required parameters,
and will identify the meaning of each parameter. For example, the com-

mand
INPUT FORMAT, BWBNDP

will list the complete input instructions for a Butterworth band pass
filter.
The command

INPUT FORMAT, ALL

will 1list the formats for all of the block specification commands.

*
May be abbreviated to LISTCO.
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C. Simulation Examples using FATCAT

As examples of the use of the FATCAT program, two sample problems
will be presented. Both examples represent receiving systems, the first
being an amplitude modulation receiver and the second a frequency modu-

lated receiver,

1. AM Receiver

A block diagram of an amplitude modulated superheterodyne re-
ceiver is shown in Figure 12. Figure 12a shows the actual configuration
of the receiver, while Figure 12b shows the way that the receiver would
presently be modeled using FATCAT. The signal source is presently repre-
sented by a signal generator which produces single tone modulated radio
frequency signals. 1In the final version of FATCAT as envisioned, this
signal source could be modeled as an actual transmitter with modulators,
frequency multipliers and amplifiers. FATCAT does not presently include
a propagation model or antenna models. Therefore the output of the sig-
nal generator represents the input signal to the receiver. The control
program is structured so that additional model blocks such as those for .
transmitters, propagation, antennas, and many more, can be easily added

to the model blocks already included in the program.

) SRR

The first step in the analysis of the amplitude modulated receiver
is a command for the execution of the FATCAT program. Figure 13 shows

the command for execution of the program contained in file "R" as abso-

lute element '"U". Following this command the program responds with the

i
&
i

word "START", which indicates that the program is ready for input com-

SR £ e

mands. Following the sequence of blocks shown in Figure 12b the first

input instruction given is that for an AM signal generator with a carrier

e
ar

g

frequency of 10 MHz, a modulation frequency of 10 kHz, 50 percent ampli-
¥ tude modulation, no phase or frequency modulation, and a carrier peak
amplitude of 1 microvolt. This is the '"SIGGEN" command shown in Figure
13. Next the command, "BLOCK, 1" is given which requests the program

to process the submitted {nstruction and arrive at the output of block 1.

After the first command to process to the output of a block for which
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PROCESSING COMPLETE THRU BLOCK 1
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&

Figure 13, Start of FATCAT Run for AM Receiver,
Showing Spectrum at the Output of
the Signal Generator.

41

IERFR DS LTI

«



input data has bezn submitted (which can be a single block or multiple
blocks) the output information shown in Figure 13 is given. This infor-
mation contains PERIOD which gives the period of the time function,
DELTA-F, wvhich is the spacing of possible spectral component in the fre-
quency domain, N which is the array size needed to meet the minimum
Nyquist requirements, IGAM the exponment to which 2 is raised to give N,
and DELTA-T the sampling interval in the time domain. After the quanti-
ties have been printed the program asks if these values are satisfactory.
Response to this question can be "YES' or "NO". If a "YES" is given pro-
cessing proceeds to the output of the block specified. In the example of
Figure 2 processing is completed through block 1. If "NO" had been given
in response to the above question the program would have responded with
"ENTER N, VALUE" which allows a new value of N to be inserted. This
provision allows the number of samples per cycle of the highest frequency
in the input signals to be increased. This is especially useful for plot-
ting since just over two samples per cycle, which meets the Nyquist cri-
terion, is not adequate for detailed plotting of the time function. ‘
Next it is desirable to observe the output of the signal generator, )
and an observation of the frequency spectrum was selected. This is pre-
duced by the command "TPLOTF" (teletype plot of the frequency function)
which is followed by a request for the low and high frequency limits of

o oA R AR SR B

the spectrum to be observed. These were specified to be 9.9 MHz to 10.1

MHz as shown in Figure 13 and the program produced the spectrum plot shown

in that figure. Note that the ordinate of the plot is automatically

scaled. The spectrum of the AM signal is displayed with a carrier ampli- i 'ﬁgk'

tude of 0.5 microvolts or -126 dB (one side of a two-gided spectrum); ‘
S

the amplitudes of each sideband component is 0.125 microvolt or -138 dB. N

A print of the frequency function is shown in Figure 14 which shows the

amplitude and phase of these spectral components.

The next block in the diagram of Figure 12b is that of a single sec-
tion Butterworth bandpass filter with a total 3 dB bandwidth of 20 kHz.
This block command along with the command to process to the output of
block 2 is shown at the top of Figure 15. The 3 dB point of the filter

i .I';.‘i e R A 3
30"':.“‘,‘.:"-'

was placed at the sideband frequencies of the AM signal so that the effect
of the filter could be observed. The print of Figure 15 when compared
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PRINTEF

PRIN TF

ENTEP LOW, HIGH FREQUENCIES
9.9E6, 1P« 1F6

LINE FREO REAL IMAG MAG DB PHASE
2015 9.90MAM+ 6 « P00 . POR e AR =-236.1R 87.4
on16 9.9100+06 - . 000 .00 PR =-234.92 92.1
2017 9.9200+ A6 .00 . P00 PP -234.62 Rl |
DALR 9.9 30+ 06 PPN . POP AP -2303.22 82+ 6
2019 9.9400+ 06 - . P0Q . 000 «PPP =-232.73 96.0
2020 9.9500+ 06 . A0Q . P0Q «PRAP -23P.36 BB 2
2021 9.9600+R6 . P00 . POD «PPA =2PR.22 #9 .0
oN22 9.970P+P6 -.000 . 000 PP =-227.58 92.0
2023 9.9800+R6 . AP0 . 00P PPN =221.96 2.l
2024  9.990M+ A6 -. 000 -. 000 JOAQR -13K.06 -90.0
on2s 1. PAARA+ AT -. 000 - P00 AP - 126.02 -9Q. 0
2026 1. 01 3+A7 -~. P00 -. 000 ‘PAP =-138.06 -90.0
2027 1. 2P20+07 . P0R -. 000 PP =222.49 -R1l.4

; PR2K 1. 2030+ 7 -. 000 XX dd% cPPR =2PR.R2  -0Q2.2

& 2029 le QLA+ AT AR -. P00 PP =229.39 -RKe 6

g 2n30 1. AR50+ 07 . P00 -. 000 cPAP =231.95 =R&D

4 onal 1. PA6P+PAT -. P00 -ePOR AP =235 -9%.4

Y 2032 1o AR70+ QA7 . 0PR - QPR PR =235.,84  =TR.E

) 2033 1+ AQBQA+Q7 QPR - . P00 «POR =237.57 -RA. |

e 2034 1. 200 Q+ 07 -. 000 -.PpPQ PP =~238.36 =966

g 203% 1.0100+07 . P0A - P00 .OPP =239.76 -R6.4

=

¥ Figure 14. Listing of the Frequency Function at the Output

’¥ of the Signal Generator.

»
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PWERNLDP, 1« E75 2+ k4, |
RWENLP, 1+ E7, 24 F4,s
RLOCK, 2

RLOCK, 2

PPOGESSING COMPLETE THRU PLO CK 4
PRINTF

| PRINTF

ENTERP LOW, HIGH FREQUENCIES
9.9F5-6, 10« 1E6

LINE FREOQ REAL IMAG MAC LR PHASE

2015 9.9 N+ 6 -. 0P Nl PP ~256.22 1717

2nl16 0.9100+076 -. 000 N 1J2 «ARA -2%4. 06 1758

2m17 9.9200+06 - PO PP AP =252.75 167.07

2018 9.92PP+ 06 -. PP « PR «AOR -250. 21 1645

2719 9. 9407+06 -. 000 PR « PP =248 4] 176.5

rdad s .95+ 06 -. 00 -« 20R « PR ~=244.51 166.9

2021 0.96PRA+ 6 -« QA «P0Q PP =240.5] 164.9
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Figure 15. Listing of Frequency Function at the Output
of the First Bandpass Filter.
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with Figure 14 verifies this. The sidebands at 9.99 MHz and at 10.01 MHz
have an amplitude of -141.07 dB out of the filter and had an ampli-

tude of -138.06 at the input to the filter -- a difference of 3.01 dB.
Note that the carrier amplitude is unchanged. A plot of the spectrum at
the output of the filter is shown in Figure 16.

Next in the block diagram of the receiver is a mixer. This is mod-
eled in FATCAT as an ideal mixer which produces sum and difference fre-
quencies only. Another useful feature of FATCAT is the input format re-
quest command, shown at the top of Figure 17, which can be used when the
input format of a block is not known. The request "INPUT FORMAT", fol-
lowed by a comma, and then followed by the name of a block in the model
library, yields the input parameters and their definition as shown in
Figure 17 (use of this command has no effect on the circuit being pro-
cessed). The ideal multiplier IDLMUL requires the peak amplitude of the
local oscillator be entered as well as the frequency of the local oscilla-
tor. This amplitude in the example was given as 1 volt and the frequency
as 9 MHz. This should result in the spectrum of the AM signal being
shifted to 1 MHz and 19 MHz., The spectrum around the difference fre-
quency is shown in Figure 17.

The next two blocks of the receiver are made up of a four section
Butterworth bandpass filter with a center frequency of 1 MHz and a bar.d~
width of 20 kHz followed by an amplifier having a gain of 120 dB. The
input commands for these blocks and the spectrum at the output of each
block are shown in Figures 18 and 19, respectively.

Proceeding along the block diagram of Figure 12b, the next block is
an amplitude demodulator. The input commands for this block and the out-

put spectrum are shown in Figure 20. Note that the only two components

in the spectrum displayed are the d-c component and the demodulated sig-
nal at 10 kHz.

Figure 21 shows the result of a call on the teletype time plot rou-
tine. This routine was called to plot the time function at the output of
the demodulator. The request for the entry of NSTART, NSTOP, and NJUMP
allows the starting point in the array containing the time function to
be specified, the stopping point to be gpecified, and the number of points

oy <~

45




TPLOTF

TPLOTF

ENTER LOW, HIGH FRECUENCIES
9.9L6, 10+ 1E6

NSIZE = 21
FREQUENCY (MHZ) DECIFELS

-170 -16@ - 150 - 140 -120 -1o0
I----+----l----+----I----+----I—---+----I----+----1
9.900
9.910
9.920
9.930
9.940
9.950
Q.Q6a
9.970
9.980
9.990
| @ AAA Joemmmmmm—e=memmm=c-es=semscoss=ooooooomsoos
1PePIP Tmec=m=mm== ceemmemmm—ee-- ----
10. 020 1
10. 2237 1
10040 1
10. 50 1
1P. P60 1
17.070 1
10. P8Q 1
1
1
0

HMHHHD—.I—‘HHH

10. 290
10 100

Figure 16. Spectrum at the Output of the First %
Bandpass Filter. 3
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Figure 17. Spectrum at the Output of the Ideal Multiplier.
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Figure 18, Spectrum at the Output of the Second Bandpass Filter.
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l Figure 19. Spectrum at the Output of the Amplifier.
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Figure 20. Spectrum at the Output of the AM Demodulator.
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Figure 21. Time Waveform at the Output of the AM Demodulator. t
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to be skipped between plotted points to be specified. For the plot of
Figure 21 the starting value was 1, the stopping value was 2048, and 64
points were skipped between points plotted.

Figure 22 illustrates the capability of printing the time function
by use of the command "PRINTT". Following this command a request for
the entry of the low and high array indices is printed. Figure 22 shows
a print of the time function from array index 1 to index 30.

A plot of the baseband spectrum at the output of the demodulator
is shown in Figure 23 to demonstrate the flexibility of the plotting
program, The spectrum can be seen to contain a positive and a negative
frequency component as well as a d-c term.

Input of the final block in the AM receiver is shown in Figure 24,
This is a five section Tchebysheff lowpass filter with a corner frequency
of 10 kHz and an inband ripple of 1 dB. Observation of the 10 kHz com-
ponent in Figures 23 and 24 indicates that it has been reduced on the
order of 1 dB as it should since this component lies at the filter cor-
ner frequency.

Exit from the program is effected by entering the command END OF
JOB, which is followed in Figure 24 by the time required to simulate the

receiver,

2. FM Receiver

e el A A

The second example is that of the analysis of a proposed fre-
quency modulated receiver. The block diagram used for the FATCAT analy- Foe
sis of the receiver is shown in Figure 25. X

The characteristics of the blocks making up the FM receiver are:

(1) A signal generator with a carrier frequency of 10 MHz,

a modulation frequency of 10 kHz, no AM or PM modulation,

FM modulation producing a peak frequency deviation of ‘
30 kHz, and a carrier peak amplitude of 1 microvolt. !

(2) A single section Butterworth bandpass filter with a band-
width of 80 kiz.

e S T

(3) An ideal mixer with a local oscillator amplitude of 1 volt
peak and a frequency of 9 MHz.
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3
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Figure 22, Listing of Time Function at the Output of the
AM Demodulator.
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Figure 23. Spectrum at the Output of the AM Demodulator.
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Figure 24, Spectrum at the Output of the Low Pass Filter.
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(4) A six-section intermediate frequency Butterworth band-
pass filter with a center frequency of 1 MHz and a band-
width of &0 kHz.

(5) An amplifier with a voltage gain of 140 dB.
(6) A frequency demodulator with a center frequency of 1 MHz.

(7) A ten-section Butterworth low-pass filter with a cutoff
frequency of 15 kHz.

The frequency spectrum at the output of each block of the receiver,
from block 1 (the output of the signal generator) to block 6 (the output
of the frequency demodulator), is shown in Figures 26 through 31. Figure
26 shows the output from the signal generator for a modulating frequency
of 10 kHz and a peak frequency deviation of 30 kHz which gives a modula-
tion index of 3.

The output spectrum of the demodulator (Figure 31) shows distortion
products produced by the bandpass filters in the receiver. Figure 32 is
a time plot of the output of the frequency demodulator. A print of the
frequency function at the frequency demodulator output is shown in Fig-
ure 33. This print shows the amplitudes and phases of the distortion
products over a greater frequency range than the plot because of the ;
limited 50 dB range of the plot.

Figure 34 shows the baseband spectrum at the output of a 10 section
Butterworth low-pass filter with a cutoff frequency of 15 kHz. Figure 35
shows a plot of the time waveform at the output of this filter, and Fig-
ure 36 is a print of the frequency function at the filter output. It

can be seen from Figure 36 that the ten-section Butterworth filter eli-

minates virtually all distortion products except the 20 kHz component,
and it reduces this component's amplitude approximately 60 dB.
The command END OF JOB terminates the program and is followed by

the time required to analyze the FM receiver.

D. Conclusions

A new circuit simulation program, FATCAT, for analyzing communica-

tions receiver circuits has been developed to an operational state,
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Figure 26, Start of FATCAT Run for FM Receiver, Showing '
Spectrum at the Output of the Signal Generator.
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Figure 27. Spectrum at the Output of the First Bandpass Filter.
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Figure 28. Spectrum at the Output of the Ideal Multiplier.
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Figure 29. Spectrum at the Output of the Second Bandpass Filter.
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Figure 30. Spectrum at the Output of the Amplifier.
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Figure J1. Spectrum at the Output of the FM Demodulator.
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Figure 32. Time Waveform at the Output of the FM Demodulator.
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REAL

-«000
‘1-384
.000
-«000
.000
-.001
‘0000
-«007
«000
«000
-.000
-.000
-+000
-«000
.UOU
«000
-+000
-«000
«000
-+000
-+000

IMAG

«000
‘0448
«0UO0
-.020
‘.000
-0014
«000
-+001
=-.000
<001
~«000
-+.000
«000
.000
=«000
.000
=-+.000
~+000
«000
«000
«000

of the FM Demodulator.
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«000
«000
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«000
«000
.000
«000

bB

‘164010
3.25
°108066
-33.92
-110.8Y
‘37008
‘117033
43 44
-124.88
‘62081
-138.68
‘72029
-150.36
-78.32
'154060
‘91050
=164.34
=107 .43
=174 .48
-110.12
-192.12
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PHASE
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’13200
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‘16007
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47 «2
10440
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BLOCK,7
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30.000 I
40.000 1
50.000 I
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80.000 I
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1
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Figure 34, Spectrum at the Output of the Low Pass Filter,
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Figure 35. Time Waveform at the Output of the Low Pass Filter. !
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PRINTF

PRINTF

ENTERR LOW,

0.,200.83
LINz Fhilku
1020 1) et)i)
lu=o 1 00+ 4
1027 2.0000 +04
1026 300011 +1)¢,
1929 4.0000+04
1030 5S.0000+04
1031 6.0000 +04
1032 70000 +04
1083 £.0000+04
1034 9.0000 +04
1035 1.0000+05
1036 1.1000+05
1037 1.2000+05
1038 1.3000+05
1039 1.4000+05
1040 15000 +05
1041 1.6000+05
1042 1.7000+05
1043 1.8000+05
1044 1.9000+05
1045 2.0000+05

END OF J0B

END OF JOB

END 19203 MLSEC

HIGH FREWUENCIES

nEAL

- o)t
«6591
-«000
<000
-.000
- )t}
«00U
«000
-od')(ll'_“
-«000
«000
«000
-«.000
«000
«000
-«000
-+000
«000
«000
«+000

IMAG

“QUUU
-1 280
«000
-+000
-.000
-t}
+00U
-.000
-«000
’0000
-«000
«000
«000
«000
-+000
-.000
-+000
-+000
«000
«000
-.000

—

NITAYR]

Q00U
«454
«000
<000
«000
QUG
000
«000
«000
000
«+000
«000
«000
«+000
000
+000
«000
«000
000
+Q00

Db

=163.69
3.25
-133.95
=94 .12
-170.51
=140.61
-175.73
-161.78
-182 «63
-169.67
-181 .84
-168.75
-176.93
-167.36
'1820?9
-168.67
~187 «43
-160.39
~183.37
-182441
~180.54

Figure 36, Listing of the Frequency Function at the Output
of the Low Pass Filter.
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although there are many ways in which the system can be improved. The
simulation consists of block models of signal sources, filters, ampli-
fiers, mixers, demodulators, etc., along with an operating framework.
The program has been fully implemented on both Univac-1108 and SIGMA-5
computers. Use of the present form of the program has shown it to be
a useful tool for rapid analysis of communications circuits.

The time and effort available for this work did not permit investi-
gation of numerous ideas for improvement. Additional development work
could produce a far more powerful and flexible program. Some of the
areas in which additional work should be undertaken are:

(1) The present signal generator block permits simulation of

only simple modulation frequencies. Development of a modu-

lator block in which an arbitrary modulating signal could
be stored in a data array is needed.

(2) Models for coupled circuits are needed.

(3) Present form of the FM and PM demodulators operate satis-
factorily only when the demodulator frequency is perfectly
aligned with the carrier frequency, hence no d-c level is

generated. Better demodulation models would be desirable.

(4) Control software could be modified to permit insertionm,
deletion, or replacement of a given block.

(5) A restart capability without the necessity of re-entering
the circuit blocks would be helpful.

(6) A routine to print out the circuit description is needed.
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1V. TIME DOMAIN SIMULATION

A, Introduction

Digital sinulation of a system governed by differential equations
can be based upon either a time domain or a frequency domain description
of the system. For time domain simulation, the describing differential
equations are usually expressed in state variable form and the system re-
sponse is obtained by numerical integration of the state equations. The
time domain simulation method is applicable to both linear and nonlinear
systems. For frequency domain simulation, the describing differential
equations are expressed in transfer function form, and simulation is ac-
complished by application of a fast Fourier transform (FFT) algorithm.
Frequency domain simulation normally requires less computer time than
does time domain simulation, but the transform theory upon which the fre-
quency domain approach is based is limited to linear systems. According-
ly, the simulation of linear systems is usuaily based upon the frequency
domain while that of nonlinear systems is based upon the time domain.

Cascade systems whose only nonlinearities are algebraic are excep-~
tions to the above classification and can be effectively simulated using
the FFT algorithm. Since such systems have no feedback, the complete
response (for the time range of interest) of the first block or subsystem
can be obtained before considering the response of the following blocks.
Similarly, the response of the second block can be found after the first
block's response has been found. Thz output of a block represented by
an algebraic nonlinearity (e.g., multiplication, saturation, polynomial
nonlinearities, etc.) depends only upoun the instantaneous input to the
block and can be readily determined from the algebraic description of the
nonlinearity without recourse to differential equations or frequency do-
main transfer functions. A cascade system composed of linear dynamic
blocks and nonlinear algebraic blocks can be simulated in a serial fash-
ion using the FFT algorithm to transform back and forth between the time
and frequency domains as required. This concept has been utilized at
the Engineering Experiment Station in the development of the FATCAT simu-
lation described in Section III of this report.
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The digital simulation of communication systems with feedback and
with nonlinear subsystems requires the use of the complete time domain
formulation. The remainder of this section describes the development of
a user-oriented communication system block diagram simulation program
applicable to cascade or feedback, linear or nonlinear systems. Although
the resulting time domain program has general applicability, its use is
recommended only for those systems for which the more efficient FFT simu-
lation program (FATCAT) is not applicable.

A number of computer languages have been developed for digital simu-
lation of dynamic systems in recent years. These programming languages,
such as MIMIC, DSL-90, CSMP, and CSSL [4], are intended to make it easy
for an engineer experienced in analog computer simulation to use a dig-
ital computer. The languages have simple input/output instructions and
generally have efficient numerical integration algorithms. They can be
considered block diagram simulators only in the limiting case where each
block is no more complex than a single integration or addition; i.e.,
only when the block diagram is in reality an analog computer flow diagram.
However, at least one of these languages, MIMIC, has a subprogram cap-
ability which allows one to construct elementary blocks better suited to

communication systems simulation than simple integrators and summers.

. ih o

With these block subprograms the communications system engineer can eas-
ily prepare the necessary simulation input data directly from his block
diagram. Using the MIMIC simulation language as a basis, a modular time
domain simulation program, TIMSIM, has been developed for communication b
system block diagram simulation. In the following, the basic language ;\&‘
MIMIC will be described briefly and its use with TIMSIM will be developed.
Application of TIMSIM to the simulation of an AM receiver and an auto-

matic gain control system will also be given.

B. MIMIC: A Continuous System Simulation Language

i
4
i

The simulation language MIMIC was developed at Wright-Patterson AFB i
in the mid-1960's for the digital simulation of dynamic systems. De- %
tajled instructions for its use are given in the original MIMIC report [5] 4
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and in the previously referenced textbook by Stephenson [4]. Reference
should be made to these sources for a more complete description of MIMIC
than appears in the following.

The MIMIC language provides a set of functions (including integra-
tion) specifically chosen to perform the operations necessary to solve
systems of ordinary differential equationms. A function is used by list-
ing the name of the output (beginning in column 10) and the name and
arguments of the function (beginning in column 19) on standard computer
cards. For example, the equation x = log(y) would be programmed by
punching "X" in column 10 and "LOG(Y)" in columns 19-24. A block-oriented
program for simulating a dynamic system is obtained by first drawing a
detailed block diagram of the system and then listing the interconnec-
tions of the blocks. The block diagram and MIMIC program for a system
described by ¥ + X + x = O for zero initial conditions is given in Fig-
ures 37 and 38. The first four lines in Figure 38 correspond directly
to the connections at the four blocks in Figure 37. The name NEG2DX was
arbitrarily selected to represent the negative of the second derivative
of x. The first box follows from -® = x + X, and the second box and in-
struction reverse the sign of the variable to give X. The third box and

instruction correspond to the integration of X to give % while the fourth

ones further integrate x to obtain the variable of interest, x. In the
integration instructions, the '0" corresponds to the initial conditionms.
The detailed block diag-am and resulting MIMIC instructions closely fol-

low analog computer programming techniques, but do not require the ampli-

tude scaling and time scaling required for analog computation. The last :\;t
four MIMIC instructions in Figure 38 are bookkeeping instructions. The
FIN(T,10) instruction causes the simulation to stop when time, T, reaches ,
ten seconds. The HDR(TIME,X) instruction establishes the headings on the
computer output as TIME and X. The OUT(T,X) instruction means that the
variables T 2nd X are to be tabulated as simulation output. The last
instruction, END, simply indicates the end of instructions.
The CON and PAR instructions in MIMIC are used to load numerical

values for constants and parameters (constants which change from run to
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ADD | NEG |jo——3d INT | INT >

Figure 37. Detailed MIMIC Block Diagram for a System Described
by X +%x +x = 0.

10 19
NEG2DX ADD (X, 1DX) 1
2DX NEG (NEG2DX) :
1DX INT(2DX,0.)
X INT(1DX,0.)
i FIN(T,10.)
i HDR (TIME ,X)
OUT(T,X)
END

Figure 38. MIMIC Instructions for Simulation
of the System of Figure 37.
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run). For exam-le, if the system of Figure 37 had involved a constant,
K2, in the diftcrential equation, the instruction ''CON(K2)", beginning
in column 19, would precede the instructions in Figure 38 and the "END"
instruction would be followed by a data card with the value of K2 entered
in columns 1-12,

As another MIMIC example, consider unity negative feedback around
a lowpass filter as shown in Figure 39. The closed loop transfer func-

tion is

X _K/(s+4) _ K (1)
U~ 1+K/(s+A) s+ (K+4

and the associated differential equation is
% = -(K+A) X+Ku. (2)

The corresponding MIMIC program and simulation results for u(t) =1,
K =1, and A = 0.1 are given in Figure 40.

An alternate method for MIMIC simulation of systems containing fre- ‘
quently occurring subsystems utilizes the subprogram feature of MIMIC. ‘
Rather than repeatedly deriving and programming descriptive differential
equations for these subsystems, a library of subprograms can be estab-
lished so that simulation of total systems is essentially reduced to
describing the interconnection of the subsystems. Consider the develop-

ment of a subprogram for the low pass filter previously considered. For

subprogram purposes, rename the filter input and output variables as uj ‘%

and xi, respectively. The describing differential equation can be }
shown to be %) = Keu; - A'x1, 80 that the describing MIMIC eqv rion is !

X1 INT(K * Ul - A * X1, 0.) . (3)

The associated subprogram is constructed by adding opening and closing
instructions which name the subprogram and provide for arbitrary naming
of the variables and comstants within the subprogram. The resulting sub-

program (named FIRST) for the current example is as follows:
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U E K X
> s + A >
Figure 39. Block Diagram of Feedback Example.
@GT*LIB.MIMIC,IS TEST
MIMIC-03.2-06/09/72-10:32:17
@ADL LARRY.1
1% X INT(-1.1%X+1.0,0.)
2% FIN(T,5.)
3% HDR (TIME,X)
4 OUT(T,X)
5% END
**FURTHER DIAGNOSTICS AND EXECUTION FOLLOWX*%
TIME X
0.00000 0.00000 2.6000 .85703
1.00000-01  9.46962-02 2.7000 .86245
.20000 .17953 2.8000 .86731
.30000 .25552 2,9000 .87166
.40000 .32360 3.0000 .87556
.50000 .38459 3.1000 .87905
.60000 .43923 3.2000 .88218
.70000 .48817 3. 3000 .88499
.80000 .53202 3.4000 .88750
.90000 .57129 3.5000 .88975
1.00000 .60648 3.6000 .89176
1.i800 .63800 3,7000 .89357
1.2000 .66624 3.8000 .89518
1.3000 .69154 3.9000 .89663 }
1.4000 .71420 4.0000 .89793 .
1.5000 .73450 4,1000 .89909
1.6000 .75269 4.,2000 .90013
1.7000 .76898 4,3000 .90107
1.8000 .78357 4.4000 .90190
1.9000 .79665 4.5000 .90265
2.0000 .80836 4.,6000 .90332
2.1000 .81885 4.7000 .90392 :
2.2000 .82825 4.8000 .90446 L
2.3000 .83667 4.,9000 .90494 z
2.4000 84422 5.0000 .90538 #
2,5000 .85097 5.1000 .90576 2
END 568 MLSEC a
:
Figure 40. MIM.C Simulation of System of Figure 39.
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FIRST BSP(U1l, K, A)
X1 INT(KM1 - A*X1, 0.)
FIRST ESP(X1) (4)

The letters BSP and ESP are abbreviations for ''begin subprogram'" and ''end
subprogram,' respectively, and the arguments of BSP name the input vari-
ables and constants while that of ESP names the output variable. In call-
ing such a subprogram from the main MIMIC program, the variable names need
not be the same as those used in the subprogram but must be in the same
order in the calling statement.

A MIMIC program using the low pass filter subprogram in the simula-
tion of the system of Figure 39 is given in Figure 41. Note that lines
2, 3, and 4 are a listing of the subprogram which has been obtained from
a library as a package. Ianstruction 5 describes the feedback connection
for u(t) = 1, while instructions 6 and 7 are the instructions required to
"call" the desired subprogram. The letters CSP and ESP represent "call
subprogram” and 'end subprogram', respectively. Comparison of the argu-
ments of CSP and BSP shows that the input to the low pass filter is
called "E" in the main program and 'U1l" within the subprogram, and that
the constants "K' and "A" are to have the values 1.0 and 0.1, respectively.
Note that the name of the subprogram being called is included on the CSP
card. Instructions 7, 8, and 9 are not affected by the use of subpro-
grams. Instruction 1 is a parameter statement which must be used tc iri-
tialize the subprogram output variable for feedback system simulations;
the initial value, 0., is entered in columns 1-12 of a data card.

The use of library subprograms to represent subsysiems allows the
design engineer to digitally simulate his system without a detailed know-
ledge of programming or of state variable techniques. In the following,
a set of library subprograms for communication subsystems will be devel-
oped and presented. The composite system is entitled TIMSIM, for time

domain simuletion.




@GT*LIB .MIMIC,1IS TEST
MIMIC-03.2-06/13/72-08:33:42

(QADD LARRY.4

1* PAR (X)

2% FIRST BSP(U1,K,A)

3% X1 INT (K*U1-A*X1,0.)

4% FIRST ESP(X1)

5% E 1.-X

6% FIRST CSP(E,1.,.1)

7% RSP (X)

g* FIN(T,5.)

k HDR (TIME,E, )
10% QT(T,E,X)
11% END

**FURTHER DIAGNOSTICS AND EXECUTION FOLLOWX**

ENTER DATA NOW £

X ‘
0.00000 N

Figure 41, Subprogram Example.
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C. TIMSIM: A User-Oriented Communications System Block Diagram

Simulation Program

TIMSIM is not a new digital simulation language to compete with
MIMIC, nor is it really a computer program. Rather, it is an operating
philosphy and an expandable library of subprograms in the MIMIC language
which represent the dynamics of communication subsystems. The communica-
tion subsystems modeled for TIMSIM herein by no means exhaust the possi-
bilities but do provide a representative group of subsystems. Included
are subprograms which model AM signal generators, bandpass single-tuned
filters, bandpass RC filters, mixers, and lowpass RC filters. The mixer
subprogram can also be used as a product detector. The method of develop-
ment of subprograms is described in sufficient detail to allow users to

expand the subprogram library to meet their changing needs.

1. Subprogram Derivation

The single-tuned, bandpass filter subprogram STFIL is based

upon the transfer function

()

(= b

H(s) = T

K -
o] S wo )
+— ——— —
1 B (.w + s )
o

as given in Pettit and McWhorter [6], where B is the filter 3 dB band-
width (Hz), fo is the filter center frequency (Hz), K is the center fre- '

ol ——,. .

o - v o

quency gain, and wgy = 2nfy. The transfer function can be rewritten as

o2 (fo/woB) + 8 + (wofo/B)

from which the corresponding differential equation could be obtaired by
inspection after cross multipla.acion with the interpretation of 8" fac-

tors as nth derivatives. The resulting differential equation, however,
would involve an undesirable derivative of the input, U. This undesir-

able input signal differentiation can be avoided in the same manner as
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with analog computer programming [7] by re-expressing the transfer func-

tion as
1 1 2
X = ;[ma(w - X) - 3 (wg X)] (7N

where the complex variables appear only in nested multiplications by 1/s.
The desired form of the describing differential 2quation is obtained by
drawing an elementary block diagram for this last expression, selecting
the integrator outputs as the state variables, and writing the associated
state equations (simultaneous first order differential equations). From

Figure 42 the state equations are written as

% = 2rB(Ku - x) +y

. 2

y = -wg X. (8)
U + +

— > K 2B

Figure 42. Single-Tuned Filter Flow Diagram.
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Prior to writing the associated MIMIM subprogram, program names
must be chosen for the variables. One of the requirements of MIMIC is
that variable names not be repeated in other subprograms unless they
represent exactly the same quantity. Accordingly, the TIMSIM subpro-
grams are written with variable and constant names which end in a three
digit number unique to that subprogram., Further, if a subprogram is re-
peated in a simulation (e.g., two single-tuned filters in one receiver
system), the third digit is increased by one in each additional copy of
the subprogram. The variable names selected for the single-tuned fil-
ter subprogram STFIL and their relationships to the algebraic variables
are as follows: x — OUT110; y - Y110; u - XIN11G; K - K110; B — B110;
f, = FRQl1O.

2. TIMSIM Subprogram Library.

Table I contains the subprograms used to model AM signal gene-
rators (AMSIG, AMSIGS), single-tuned bandpass filters (STFIL), RC band-
pass filters (BPFIL), mixers (MIXER), and RC low-pass filters {LPFIL).
Included in the table are the definitions of the subprogram input and

output variables. 4

3. Applications k]

The operation of TIMSIM is best described by examples. The
block diagram of Figure 43 describes a hypothetical communication sys-

ten consisting of an ideal AM signal generator, single-tuned rf filter,

mixer (frequency converter), single-tuned i-f filter, product detector,
and low pass filter. The corresponding TIMSIM simulation program is i
given in Figure 44. The first five instructions establish the names

and sequence of appearance of constants whose numerical values are to

be entered on the data cards. Instructions 6 through 38 present the

library subprograms which model the communication subsystem. Note that

both the single-tuned filter and the mixer subsystems appear twice in

the AM system diagram so that the corresponding subprograms must also

appear in duplicate. As mentioned earlier, the repeated use of a
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TABLE I

TIMSIM SUBPROGRAM LIBRARY

*4**BEGIN SUBPROGRAM FOR AMPLITUDE MODULATED SIGNAL GENERATOR , ***
AMSIG BSP(XIN100,FRQ100,M100,K100)
THI.00 6.2831*FRQ100*T
OUT100  K100%*(1.+M100*XIN100)*COS (THT100)
AMSIG ESP(OUT100)
#*%%*END OF SUBPROGRAM**#*

Definitions
XIN10O = Modulating Voltage
FRQ100 = Carrier Frequency
M100 = Modulation Index
K100 = Gain

#%%**BEGIN SUBPROGRAM FOR SIN AMPLITUDE MODULATED SIGNAL GENERATOR.
AMSIG5 BSP(XIN105,FRQ105,M105,K105)
THT105  6.2831*FRQLO5*T
OUT105 K105%(1.4M105*XIN105)*SIN (THT1CL)
AMSIG5 ESP(OUTILO5)
*%%*END OF SUBPROGRAM*¥**

Definitions
Variables defined similarly to AMSIG above.

#*%**BEGIN SUBPROGRAM FOR SINGLE-TUNED FILIERX*+*
STFIL BSP(XINllO,BllO,FRQllO,KllO)
OUT110 1NT(Y110+(6.2831*3110)*(KllO*XINllO-OUTllO),0.) ?
Y110 INT(-(6.2831*FRQ110)*(6.2831*FRQ110)*0UT110,0.) i
STFIL ESP(OUT110) 'Qg
*%%4END OF SUBPROGRAM¥**%%*

Definitions
XIN110 = Input Voltage
B110 = Filter Bandwidth, Hz
FRQ110 = Filter Center Frequency, Hz
K110 = Center Frequency Gain
OUT110 = Output Voltage

(Continued)




TABLE I (Continued)

*%%*BEGIN SUBPROGRAM FOR MIXER**¥*
MIXER BSP (XIN120,FRQ120,K120)
OUT120  XIN120%K120*SIN(6.2831%FRQL20*T)
MIXER ESP(0UT120)

%%%*END OF SUBPROGRAM#**¥%

Definitions
XIN120 = Input Voltage
FRQ120 = Mixer Product Frequency
K120 = Gain
OUT120 = Output Voltage

%%%*BEGIN SUBPROGRAM FOR LOW-PASS FILTER*#*%%
LPFIL  BSP(XIN130,FCN130,K130)
OUT130  INT(6.2831%FCN130* (XIN130-0UT130),0.)
LPFIL  ESP(OUTL30)

#%%X%END OF SUBPROGRAM ¥

Definitions
XIN130 = Input Voltage
FCN130 = Corner Frequency, Hz
K130 = DC Gain
OUT130 = Output Voltage

*#%**BEGIN SUBPROGRAM FOR RC BANDPASS FILTER*¥* §
BPFIL BSP{XIN140,FL140,FH140,K140)
WL140 6.2831*FL140
WH140 6.2831*%FH140

Y140 INT(WL140*WH140*0UT140,0.)

OUT140 INT(KIAO*WHIAO*XINI&O-(WL140+WH140)*OUTIQO-YIA0,0.) a \

BPFIL ESP(0OUT140) L
*%*k*END OF SUBPROGRAM¥**%* '\&
Definitions

XIN140 = Input Voltage

FL140 = Lower Corner Frequency, Hz

FH140 = Higher Corner Frequency, Hz

K140 = Center Frequency Gain

OUT140 = Output Voltage
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1* CON (FM,FC,M,K,FO0,B)

2% CON (FMIX ,KMIX)

3% CON(F01,B01,K01)

4% CON (FMIX1,KMIX1)

5% CON (FLP,KLP)

§#**x*BEGIN SUBPROGRAM FOR AMPLITUDE MODULATED SIGNAL GENERATOR , *%*
7% AMSIG BSP (XIN100,FRQ100,M100,K100)

8% THT100 6.2831*FRQ10O0*T

9% OUT100 K100% (1.+M100*XIN100)*COS (THT100)

10*% AMSIG ESP (OUT100)

11%****END OF SUBPROGRAM AMSI G irkiivkdkiicicicichk ik
12%****BEGIN SUBPROGRAM FOR SINGLE-TUNED FILTER##idckakksk

13% STFIL BSP(XIN110,B110,FRQ110,K110)

14% OUT11C  INT(Y110+(6.2831*B110)*(K110¥XIN110-0UT110),0.)
15% Y110 INT(-(6.2831%FRQ110)* (6.2831*FRQ110)*O0UT110,0.)
16% STFIL ESP(OUT110)

17%%**%END OF SUBPROGRAM STFIL¥#kiriiiik
18*%***BEGIN SUBPROGRAM FOR MIXER* ek ok ke dokdedok dedokdokek

19% MIXER BSP (XIN120,FRQ120,K120)
20% OUT120  XIN120*K120%SIN(6.2831*FRQ120*T)
21% MIXER ESP(0UT120)

2%k 4kEND OF SUBPROGRAM MIXERdd ik ok dnidrkikkiokk
9 3%%x**BEGIN SUBPROGRAM FOR SINGLE-TUNED FILTER*#¥irkkdkk

24% STFIL1 BSP(XIN111,B111,FRQ111,K111)

25% 0UT111 INT(Y111+(6.2831*B111)*(Klll*XINlll-OUTlll),0.)
26%* Y11l INT(-(6.2831*FRQ111)*(6.2831*FRQ111)*0UT111,0.)
27%* STFIL1 ESP(OUT111)

28*#%**END OF SUBPROGRAM STFIL]#*#*¥ikkbk
29%*%*%*BEGIN SUBPROGRAM FOR MI XER#d sk dedede dededeedededededode deodedokdok

30%* MIXER1 BSP(XIN121,FRQ121,K121)
31% 0UT121 XIN121*K121*SIN(6.2831*FRQ121*T)
32% MIXER1 ESP(OUT121)

33% %4k *kEND OF SUBPROGRAM MIXER Lk rkicickicink ok dickok ok doedek
34#****BEGIN SUBPROGRAM FOR LOW-PASS FILTER¥kickkkik

35%* LPFIL BSP(XIN130,FCN130,K130)
36% OUT130 INT(6.2831*FCN130*(XIN130-OUT130),0.)
37* LPFIL ESP(OUT130)

38x****END OF SUBPROGRAM LPF I L dekdickddeddohdrdedrk dokdok
39% X SIN(6.2831*FM*T)

40% AMSIG CSP(X,FC,M,K)

41% RSP (Y)

42% STFIL CSP(Y,B,FO0,1.)

43% RSP(Z)

INA MIXER CSP(Z,FMIX,KMIX)

45% RSP(22)

Lé* STFIL1 CcsSP(zz,B01,F01,%01)

L% RSP(222)

L8* MIXER1 CSP(22Z,FMIX1,KMIX1)

49* RSP (OUT?UT)

50% LPFIL CSP(OUTPUT,FLP,KLP)

51* RSP(V)

Figure 44, TIMSIM Listing, Hypothetical Communication System.
(Continued)
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52%
53%
54%*
55%
56%
57%
58%
59* TLOGIC
60* NTLOG
61%
62%
63%
64*

DT1
DT2
T1

TTEST
TLOGIC
NTLOG
DT

DT

1./(50.*FM)
1./(20.*FC)
(20./(4.*FM))-DT2
2./FM

T-T1

FSW (TTEST, TRUE ,FALSE ,FALSE)
COM(TLOGIC)
EQL(DT1)

EQL(DT2)
FIN(T,TF)
HDR(TIME,X,V)
OUT(T,X,V)

END

**FURTHER DIAGNOSTICS AND EXECUTION FOLLOW***

ENTER DATA NOW

™ FC
10000. 1.00000+06

ENTER DATA NOW

FMIX
5.45000+405

ENTER DATA NOW

FOl1
4,55000405

ENTER DATA NOW

FMIX1
4,55000+405

ENTER DATA NOW

FLP
10000. 1

KMIX
10.000

BO1
20000.

KMIX1
100.00

LP
.0000

M K FO

.50000 1.00000-03 1.00000+406
KOl

10.000

Figure 44. End.
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subprogram within a TIMSIM simulation requires renumbering the variable
names within each repetition. Accordingly, the second single-tuned
filter subprogram is named STFiLl and the internal variable names termi-
nate in 111 rather than in 110. Instructions 39 through 51 constitute
the heart of the TIMSIM input; these are the instructions which describe
the system block diagram and specify the subsystem parameters through
their calling of the subprograms. For instance, instructions 42 and 43
specify that the subsystem is a single-tuned filter whose input is named
y (the output of the AM signal generator) and that the filter bandwidth
is the input quantity B, the center frequency is the input quantity FO,
and the center frequency gain is unity. Instruction 43 states that the
oucput of the filter is designated Z. Instructions 52-60 result in two
separate time spacings between lines of printout; spacing DTl is used
for T < Tl while DT2 is used thereafter. This feature is used only when
the simulation results of interest are preceded by a transient of no
interest. Instructions 61-64 are as in the MIMIC example described
earlier. Figures 45 and 46 present the simulation results in tabular
and graphical form.

The block diagram of Figure 47 describes a hypothetical Automatic
Gain Control (AGC) system used to demonstrate the application of TIMSIM ]
to feedback systems. The corresponding TIMSIM simulation program is
given in Figure 48. The first three instructions describe the constants
of the simulation; repeated simulations for new values of the constants
in the PAR statements can be made without repeating the program listing.

Following the library subprograms (instructions 4-28), the interconnec- Ln

tion of the AGC system blocks is described by a series of subprogram call
statements. Within this group, instruction 35 gives the effect of the
feedback signal upon the forward gain, and instruction 44 demonstrates
the use of the internal MIMIC function for a limiter. The remainder of

the simulation is analogous to that of the AM system discussed earlier.

The simulation results are tabulated in Figure 49.




TIME X \Y

0.00000 0.00000 0.00000
2.00000-06 .12533 -9.69228-04
4.00000-06 .24869 -6.16795-03
6.00000-06 .36812 -1.71452-02
8.00000-06 .48175 -3.61954-02
1.00000-05 .58778 -6.83026-02
1.20000-05 .68454 -.11594
1.40000-05 .77051 -.17394
1.60000-05 .84432 -.23469
1.80000-05 .90482 -.29958
2.00000-05 .95105 -.38015
2.20000-05 .98228 -.48357
2.40000-05 .99803 -.59961
2.,60000-05 .99803 -.70867
2.80000-05 .98229 -.80481
3.00000~05 .95106 -.90508
3.,20000-05 .90484 -1.0299
3.40000-05 .84434 -1.1756
3.60000-05 .77053 -1.3140
3.80000-05 .68457 -1.4232
4.00000-05 .58781 -1.5143
4.20000-05 .48179 -1.6194
4 .40000-05 .36816 -1.7525
4.60000-05 .24873 -1.8900
4.80000-05 .12537 -1.9960
5.00000-05 4.29471-0C5 -2.0634
5.20000-05 -.12529 -2.1229
5.40000-05 -.24864 -2.2064 ;
5.60000-05 -.36808 -2.3090 :
5.80000-05 -.48171 -2.3936 i
6.00000-05 -.58774 -2.4340 i
6.20000-05 -.68451 -2.4449 j
6.40000-05 -.77048 -2.4639 |
6.60000~05 -.84430 -2,5082 ;
6.80000-05 -.90480 -2.5549 ;
7.00000-05 -.95104 -2.5694 ;
7.20000-05 -.98228 -2.5453
7.40000-05 -.99802 -2.5109
7.60000-05 ..99803 -2.4963
7.80000-05 -.98230 -2.4999
8.00000-05 -.95108 -2.4928 .
8.20000-05 -.90486 -2.4537 \
8.40000-05 -.84437 -2.3932 ;
8.60000-05 -.77056 -2.3409 5
8.80000-05 -.68460 -2.3125 1
9.00000-05 -.58785 -2.2943 }
9,20000-05 -.48182 -2,2608 "
9.40000-05 . =.36820 -2.2047 )
9.60000-05 -.24877 -2,1453 ;
9.80000-05 -.12542 -2,1069 &
1.00000-04 -8.59539-05 -2,0929 -
Y
Figure 45. TIMSIM Results, Hypothetical AM Communication System. i
(Contin .ed)




1.02000-04
1.04000-04
1.06000-04
1.08000-04
1.10000-04
1.12000-04
1.14000-04
1.16000-04
1.18000-04
1.20000~04
1.22000-04
1.24C00-04
1.26000-04
1.28000-04
1.30000-04
1.32000-04
1.34000-04
1.36000~-04
1.38000-04
1.40000-04
1.42000-04
1.44000-04
1.46000-04
1.48000-04
1.50000-04
1.52000-04
1.54000-04
1.56000-04
1.58000-04
».60000-04
1.62000-04
1.64000-04
1.66000-04
1.68000-04
1.70000-04
1.72000-04
1.74000-2%
1.76000-04
1.78000-04
1.80000-04
1.82000-04
1.84000-04
1.86000-04
1.88000-04
1.90000-04
1.92000-04
1.94000-04
1.96000-04
1.98000-0%
2,00000-04
2,02000-04

END 39256 MLSEC

.12525
. 24860
. 36804
.48167
.58771
.68448
.77045
.84427
.90478
.95102
.98227
.99802
.99803
.98231
.95109
.90488
.84439
.77059
.68463
.58788
.48186
.36824
.24881
.12546
1.29795-04
-.12520
-,2/756
-.36800
-.48163
.58767
.68444
.77042
84425
. 90476
.95101
-.98226
.99802
.99804
.98232
.95110
. 90489
.84441
-.77062
-.68467
-.58792
.48190
-.36828
-. 24886
-.12550
-1.74173-04
.12516

-2,0830
-2,0566
-2,C173
-1.9894
-1.9916
-2,0153
-2.0339
-2.0326
-2,0267
-2,0456
-2.0982
-2.1612
-2,2036
-2,2228
-2,2486
-2.3094
-2.3969
-2,4735
-2.,5141
-2,5358
-2,5782
-2.6564
-2.7415
-2,7927
-2.8040
-2.8107
-2.8478
-2.9085
=2.9521
-2,9509
-2.921%
-2,9045
-2,9169
-2,9340
-2.9193
-2.,8665
-2,8058
-2,7679
-2,7506
-2,7236
-2.6652
-2,5864
-2,5178
=2.4750
-2.,4436
-2.3973
-2,3291
-2,2585
-2,2105
-2,1878
-2.1696

Figure 45.
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» mee

& 1% CON(FC,KP,BW,K1,VSET)
K 2% PAR (X4 ,FCR,KF , TPOINT, TF , KFORWD)
3* PAR (FM)
4H*%%*BEGIN SUBPROGRAM FOR LOW-PASS FILTER¥*¥* .
5% LPFIL BSP (XIN130,FCN130,K130)
6* 0UT130 INT (6.2831*FCN130* (XIN130-0UT130),0.)
7* LPFIL ESP(OUT130)
Gededk

*%*END OF SUBPROGRAM***
9% #%%*BEGIN SUBPROGRAM FOR SINGLE-TUNED FILTER*%*%*

10%* STFIL BSP(XIN110,B110,FRQ110,K110)

11* 0UT110 INT(Y110+(6.2831*B110)*(KllO*XINllO-OUTllO),0.) O
12% Y110 INT(-(6.2831*FRQ110)*(6.2831*FRQ110)*0UT110,0.)

13* STF1L ESP(OUTL110)

14%%%%

*

END OF SUBPROGRAM**%%
15%%#**BEGIN SUBPROGRAM FOR SIN AMPLITUDE MODULATED SIGNAL GENERATOR.

Jekek

16% AMSIGS BSP(XIN105,FRQ105,M105,K105)

17* THT105 6.2831*FRQ105*%T

18% OUT105 K105% (1.4M105%XIN105)*SIN(THT105)

19*% AMSIG5 ESP(OUT105)

20%*%*%END OF SUBPROGRAM****

21%

*
%*%*BEGIN SUBPROGRAM FOR RC BANDPASS FILTER*%%*

22% BPFIL BSP (XIN140,FL140,FH140,K140)

23% WL140 6.2831*FL140

24% WH140 6.2831*FH140

25% Y140 INT(WL140*WH140*0UT140,0.)

26% OUT140 INT(K140*WH140*XIN140~ (WL1404WH140) *0UT140-Y140,0.)

27% BPFIL ESP(OUT140)

28%%*k**END OF SUBPROGRAM#* %%

29% XIN SIN (6.2831%FM*T)

30% AMSIG5 CSP(XIN,FC,.95,1.)

j1* RSP (XX)

32% STFIL CSP(XX,BW,FC,1.)

33*% RSP (X) ,

4% X1 KP*X }.q

35% KVAR 1. = K1*VF

36* X2 KVARX*X1*KFORWD

37% X3 X2*SIN(6.2831*%FC*T)

38*% BPFIL CSP(X3,.5%FM, .2*FC,1.) ;

39% RSP (X5) 3

40% LPFIL CSP(X3,FCR,1.) ;
. 41%* RSP (X4) 3
; L2% VF1 KF* (X4-VSET) §
T 43% VFLIM .9/K1

4 44% \i3 LIM(VF1, -VFLIM,VFLIM)

Figure 48. TIMSIM Listing, Automs tic Gain Control System.
(Continued).
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45% DT1 0.05/FCR

46% DT2 .50/FC

47% T1 TPOINT - DT2

48% TTEST T-T1

49% TLOGIC FSW (TTEST, TRUE ,FALSE ,FALSE)
50% NTLOG COM (TLOGIC)

51* TLOGIC DT EQL(DT1)

52% NTLOG DT EQL(DT2)

53% FIN(T,TF)

54% HDR (TIME,X3,X4,VF,X5)
55% OUT(T,X3,X4,VF,X5)
56% END

**FURTHER DIAGNOSTICS AND EXECUTION FOLLOW¥**

ENTER DATA NOW

FC KP BW K1 VSET
10000. 2.00000-03 5000.0 1.00000-01 1.0000

ENTER DATA NOW

0. 100. 3. 4,E-3 6.E-3 1.E4
X4 FCR KF TPOINT TF KFORWD
0.00000 100.00 3.0000 4.00000-03 6.00000-03 10000.

ENTER DATA NOW
1000.

M

1000.0

Figure 48. End.
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TIME X3 X4 VF X5

0.00000 0.00000 0.00000 -3.0000 0.00000

5.00000-04 -4,0760-05 2.8968 5.6903 -3.42534-02

1.00000-03 1.02872-04 2.6581 4.9742 -1.5398

1.50000-03 -6.78247-05 3.4256 7.2767 -.38317

2.00000-03 1.84120-04 2,.9041 5.7124 -.63602

2.50000-03 -9.51716-05 3.4685 7.4054 -1.71602-02

3.00000-03 2.84755-04 2.9241 5.7723 -.47952

3.50000-03 -1.15230-04 3.4720 7.4159 3.04278-02

4,00000-03 3.95770-04 2.9258 5.7773 -.46301

4,05000-03 3.01825-04 2,9397 5.8191 .34545

4.10000-03 1.84063-04 2.9858 5.9573 1.1311

4,15000-03 6.21273-05 3.0570 6.1709 1.7666 >
4.20000-03 -4.,57693-05 3.1427 6.4279 2.1556

4,25000-03 -1.27702-04 3.2317 6.6947 2.2567

4,30000-03 -1.79128-04 3.3140 6.9417 2.0872

4.35000-03 -2.00990-04 3.3825 7.1474 1.7065

4.40000-03 -1.97042-04 3.4329 7.2985 1.1917

4.45000-03 -1.71074-04 3.4630 7.3889 .61588

4.50000-03 -1.25771-04 3.4723 7.4168 3.57353-02

4.55000-03 -6.23912-05 3.4610 7.3829 -.51181

4.60000-03 1.81439-05 3.4298 7.2894 -1.0048

4,65000-03 1.14925-04 3.3801 7.1404 -1.4290

4.70000-03 2,24564-04 3.3142 6.9426 -1.7688

4,75000-03 3.39990-04 3.2358 6.7074 -2,0009

4.80000-03 4,49451-04 3.1508 6.4525 -2,0913

4,85000-03 5.37047-04 3.0675 6.2026 -2,0006

4.90000-03 5.85543-04 2,9958 5.9874 -1.6962

4,95000-03 5.81355-04 2.9459 5.8376 -1.1710

5.00000-03 5.20045-04 2.9259 5.7778 -.46135

5.05000-03 4 09642-04 2,9399 5.8195 . 34709

5.10000-03 2.68857-04 2.9859 5.9577 1.1327

5.15000-03 1.21864-04 3.0571 6.1712 1.7682

5.20000-03 -9.49593-06 3.1428 6.4282 2.1572

5.25000-03 -1.10613-04 3.2317 6.6950 2,2584 o
5.30000-03 -1.75682-04 3.3140 6.9419 2,0888 SN
5.35000-03 -2.05506-04 3.3826 7.1476 1.7080 ﬁx
5.40000-03 -2.04383-04 3.4329 7.2987 1.1931 X
5.45000-03 ~1.76745-04 3.4630 7.3891 .61719

5.50000-03 -1.25781-04 3.4723 7.4170 2,69046-02

5.55000-03 -5.30914-05 3.4610 7.3830 -.51079

5.60000-03 4.04190-05 3.4299 7.2896 -1.0039

5.65000-03 1.53555-04 3.3802 7.1405 -1.4282

5.70000-03 2.82489-04 3.3142 6.9427 -1.7683

5.75000-03 4,19098-04 3.2358 6.7075 -2.0004

5.80000-03 5.49811-04 3.1509 6.4527 -2.0910

5.85000-03 6.56145-04 3.0676 6.2027 -2,0004

5.90000-03 7.17897-04 2,9958 5.9875 -1.6960

5.95000-03 7.18865-04 2.9459 5.8377 -1.1707

6.0C000-03 6.53252-04 2,9260 5.7779 -, 46095 :
6.05000-03 5.29630-04 2,.9399 5.8196 .34764 1

Figure 49. TIMSIM Results, AGC System.
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D. Conclusicns

As stated earlier, TIMSIM is basically a simulation philosophy
rather than a program or language; it has been presented here within
the framework of the simulation language MIMIC. Several subprograms
representative of communication system building blocks have been pre-
sented and the method of generation of subprograms has been demon=-
strated so that additional subprograms can be generated as desired by
the user. It is worth noting that the TIMSIM concept is also appli-
cable to non-communication systems. Appropriate subprograms can be

developed for mechanical systems, and control systems, etc.
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Cosamen ot

SUBROUTINE LIN(&A(PLhToNpNTsTIMF9DUVY29LFLA595dMY39NWP9

1 DELTsNREAD )

INTEZER HOURI(2)Yy JAYL(2)

DIMEINSION WORD(1)s PLCTINPNTS1) TIYE(1)

CIMENSICN NWORLC(Y)

CLIVON WORD N1 eNS NG sLPDSeLDSsJTIHLEL 172)

CoVMVCN INDPLToIPLDTI9NDL?TS’KPQNT,DUVY19DTCJR

CoMMON /SCRTCr/ TITLE(qu)’AMAX9AVINQDAY0HOUR9[3AD;IM3XQ

1 IMINoKK’LAoﬁGToNNoJQNWIPEop|1;!l;lZoI39|Q’
XPLOTSs A

FOJTVALENCE ( wORD(126)s N7 Ve | WORD(38)s N2 )

FGUTVALENCE WOARN (33) 5 LINTVL )

PLUTVALENCE WORDGMNWTRPD )

(

(
TOUTVALENCE ( »ORUI1::G) sLYMAX }
TOOTVALENCE ( wWORD(L11')sLYMIN )
FOUTVALSENCE ( wORDI(111) oNPCELL )
P IVALENCE (0 wORD(112)sLPLT )
i = 51
“C o= 21

IF ( LFLAG-1 ) 2309385439y

-5% IONTINUE
LFLAG = 2
WRITF (N7) ( PLO(Is1)s I=1sNWIPE )
NREFAD = NWIPE
IPWIND NT
READ (N2)Y XPLOTS (TITLF(I)sI=14NPLCTS)

290 CONTINUE
DRITE (N6430)

Twwiesk RTAD TIME AND PLCT VARIAEBLES FCR NPN| VALUES OF TIHE,

wal = NaP f
WPL = NPCELL/ED .
SLo21e JX=1eNPL %
syl = NalL o+ 4 6u* (O NPLOTS+1 ) ) - 1 {

K AL (N2) (PLCT(Isl)s I=NwLeNwWK)
Nl o= NWK+1
Z21u CONTINUE
NPL = NDLOTS+1
ML = NwP
DO 230 JX=1eNPNT
TIME(JIX) = PLOTINWLS1D)
"5 220 1=1eMPLOTS
Lalo= NWL+l
PLOTIJXsl) = PLOT(NALSL)
¢2v  CONTINUE
Malo= NwL+l
235 CONTIANUE
CALL CLOCK (&6HRSTIVE,IDUM)
Do 21 J=1e NPLOTS
FF = PLOT(1+J)
REF
REF

Z x
[TT]
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CHee®

49

41

CREx®
C**®x

42
C % %% %
C %% %%

43
C#*%n
C * *»

C » *
21

CReni

n

* *

NOO OO

*  *

83

32

59

LINK6A (Continued)

FIND VMAXIMUM AND MINIMUM OF EACH VARIASLE
DO 41 I=1,s NPNT

IF (AMAXeGTePLOTI(IsJ)) GO TO 40

AMAX = PLOT(I,J)

IMAX = 1

IF (AMINGLTPLOT(IsJ)) GO TO 41

AMIN = PLCT(1,J)

IMIN = 1

CONTINUE

IF (ARS(AMAX-REF)eGT ABSIAMIN=REF)) GC TC 42
USE *FINDER* TO DETERMINE 1C - 90 PERCENT RISE AND FaALL

TIMFS FOR PRENDOMINATELY PCSITIVE VARIABLES,

PT1 = «1%(AVIN=-REF)+REF

CALL FINDER | IVIN,NPNTQIQIVIN’TQQTIspLCT(laJ)’TIVE )
PT1l = «9®(AMIN-RZF)I+REF

CALL TINDER | IMIN’NPNT9191M1N9T3aT2’pLOT(lyJ)vTIWE )
GC TC 43

CONTINUE

USE #FINDFR* TC DETERMINE 10 = GO PFRCENT RISE AnD FaLL
TIMES FCR PREDOMINATELY POSITIVE VARIABLEZS,

PT1 = o1%#(AMAX-REF)+REF

CALL FINDER | 1QIVl\XovaXQNP\ITyleT@opLOT(loJ)9TIVE )
PT1 = o9%(AMAX-REF)+REF

CALL FINDER IQIMAXQIMAX’NPNT9T29|3QPL0T(19J)’TIME )
CONTINUE

WRITE OUT RISE AND FALL TIMES.

COMVENT BELCW SUPPRESSES PRINI OF RISE AND FALL TIMESe.
WRITE (N695C) TITLE(J)sT1sT2T3,T4

*

CONT INUE

I[F ONLY RESPCNSE TIMES DESIRED, RETURNe

IF (IPLOTI.EQes) GO TC 80

INSERT PLOTTING ROUTINES HERE.
CALL pLTDTA(PLOT(NWpol)QNQoNCleVEQDLOTvNPNTyNPLOTSO
1 TITLF.DELTeNPAT)

CALL CLOCK (6H®#PLOT*,1DUM)

NEXT TWQ COMMENTS SUPPRESS LINE PRINTEKR PLOTS.
CALL PLCOTER | PLOT(NWP 91 ) sNRoNCoTIME PLCT 9 NPNToNPLUTS
1 TITLESsDELTNPNT)

1 NPNT )

»*

CALL CLOCK (6HR=PLNT,IDUV)

CONTINUE

RETURN

FORMAT (///7/52X15HRESPCNGE TIMES//31%. DARAVETERGLX
1 8H1CG RISE 4x8H90 RISE4X8BHI1O0 FALL"-X3HY0 FALL/)
FORMAT (33XA691X1P4EL244)

END
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SUSROJTINE PLTOTA(NSCRyNRsNCy TIME9PLUTsNPNT 9 NPLSTS
TITLCsDFLTLNDDY)

SIMENSTO PLOTIMDI My NPLOTS ), TITLE(NPLOTS)

CIVENSTION MSCT(NKeNC) s TIME(NPNT)

SRITECLS)Y NPNT

SRITE 1Yy MPLOTS

SRITELLSY TIME

WRITE(L19Y PLOT

SETTE019Y TITLE

N TURN
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APPENDIX B

Listing of Software for Displaying Data Extracted from CIRCUS.

NOTE:

Many of the Hollerith strings in format statements were
delimited with quote marks. The printer used to make

the following listing did not have the quote character;
a minus sign appears where each quote should have been.
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MAIN PROGRAM

PARAMETER N = 32
DIMENSION TIME(5000)s PLAT(5000)
COMPLEX A(N)
DIMENSION IBUF(10000)
LOGICAL CPLTs PDPRTs DOMFLG
CPLT = oFALSE.
PDPRT = oFALSEe.
DOMFLG = «TRUE
READ(19) NPNT
WRITE(69200) NPNT
NP = N
WRITE(65202) NP
READ(19) NPLOTS
WRITE(6+201) NPLOTS
CALL RDTF(NPNTsNPLOTSsTIMESPLAT)
IGAM = ALOG(N) / ALOG(2.) + ol
1 WRITE(6,101)
WRITE(6,1001)
WRITE(6+20V1)
READ(59100sERR=1,cND=999) ISWTCH
IFLISWTCH «GTe O) GO TO 2
IF(ISWTCH oLTe u) GO TO 3
CALL WRTDTA(NPNTsNPLOTSsTIMEPLAT)
GO TO 1
2 IF(ISWTCH «GTe NPLOTS) GO TO 5C
WRITE(6+102)
READ(5,5100) ISTART
DO 10 1 = 1N
ITQ = 1 + ISTART = 1 + (ISWTCH = 1) * NPNT
10 A(I) = CMPLX(PLATLITQ)s Ue)
TP = ((TIME(ISTART + N = 1) - TIME(ISTART)) / (N =-1)) * N
IF(«NOTe PDPRT) WRITE(69203) TP
POPRT = oTRUEe
CALL FFT(As[GAM,y~-1)
CALL LFOLD(AsN)
WRITE(65103)
READ(59100) JSWTCH
[F(JSWTCH oLTe 100) GO TO 20
CALL PRNT(AN)
JSWTCH = JSWTCH = 130




i R T

TR

SRRl SRR

i B

e o TR

< agac

20

30

11

21

MAIN (Continued)

IF(JSWTCH +EQe 0) GO TO 1

DELF = le / TP

IF(JSWTCH oLTe 10) GO TO 3V

IF(eNOTe CPLT) CALL PLOTS(IBUF(1)s10C00s2)
CPLT = +TRUE

WRITE(6s108)

READ(59100) FMAX

CALL CPLOTF(ASNSDELFsFMAX)

JSWTCH = JSWTCH - 1lv

IF(JSWTCH oEQe () GO TO 1

CONTINUE

WRITE(6+104)

READ(55100) FLO

WRITE(6,»105)

READ(5+100) FHI

CALL TTFP(AsNsDELFFLOsFAIL)

GO T0 1

ISWTCH = ABS(ISWTCH)

IF(ISWTCH oGTe NPLOTS) GO TO 50
WRITE(69102)

READ(5+100) ISTART

DO 11 I = 1N

ITG = 1 + ISTART = 1 4+ (ISWTCH =~ 1) * NPNT
A(l) = CMPLX(PLAT(ITG)s Ue)

TP = ((TIME(1) = TIME(N)) /7 (N =1)) * N
IF(eNOTe PDPRT) WRITE(65203) TP

PDPRT = +TRUL

WRITE(69103)

READ(5+1U0) JSWTCH

IF(JSWTCH «LTe luv) GO TO 21

CALL PRNT(AsN)

JSWTCH = JSWTCH - 10uU

IF(JSWTCH «EQe 0) GO TO 1

IF(JSWTCH oLTe 10) GO TO 31

IF(eNOTe CPLT) CALL PLOTS(IBUF(1)510000s2)
CPLT = «TRUES

PLACE CALCOMP TIMt PLOTS HERE
WRITE(6990V)
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MAIN (Continued)

JOWTCH = JSWTCH = 1V
IF(JSWTCH oEQe U) GO TO 1
31 CONTINUE
WRITE(6+3C4) NP
WRITE(6+3C3)
READ(59100) NSTART
NST = NSTART
WRITE(653C5)
READ(5+100) NSTOP
NSP = NSTOP
WKITE(64+306)
READ(59100) NJUMP
CALL TTTP(AWNSTINSPINJUMP)
GO TO 1
50 WRITEL{651C7) NPLOTS
GO TO 1

10C FORMAT( )

101 FORMAT (- ENTER 0 FOR PRINT OF DATA SET FROM CIRCUS-)
1001 FORMAT (- ENTER PLUS DATA SET NUMBER FOKR FREQ FCN-)
2001 FORMAT (- ENTER MINUS OATA SET NUMBER FOR TIME FCN-)

102 FORMAT (- ENTER I[START-)

103 FORMAT (=~ ENTER 10U FOR PRINTs 010 FOR CALCOMP PLOTs-»

A - OR vUl FOR TTY PLCT=-)

104 FORMAT (= ENTER FLC=)

105 FORMAT (= ENTER FHI=)

107 FORMAT(//- ERROR==LARGEST DATA SET NuUMBEwR IS ~s12/)

108 FORMAT (- ENTER THE HIGHEST DESIRED FREQ IN THE SPECTRUMs FMAX-/)

200 FORMAT (- THE NUMEBER OF POINTS PER DATA SET = =»153)
201 FORMAT(- THE NUMBER OF DATA SETS = -»l2/)
202 FORMAT (- THE NUMBER OF POINTS USED IN A TRANSFORM = -»15)
203 FORMAT (- THE PERIOC OF THE TIME FUNCTION = -91PElleé,y-~ SEC-/)
303 FORMAT (- ENTER NSTART-)
304 FORMAT (- ARRAY SIZE = =»15,- NSTOP MUST BE EQUAL TO-
A - OR LESS ThAN THIS VALUE-/)

305 FORMAT (- ENTER NOTOP-)
396 FORMAT (- ENTER NJUMP-)
900 FORMAT (- CALCOMP TIME PLOT NOT OFERATIONAL-/)
999 IF(CPLT) CALL PLOT(VesLes999)
STOP
END
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d QUARRDUTINE (PLOTF(AGNSDELF$FMAX)
cA eEn T THE FALLOWING COMTROL STATEMENT vUST PRECEED THE
C Sy ILUTE STATEYENT FOR OIUNS U'SInG CALCOMP PLOTS.
C
C @use UNIT #s TPFZ
C o+ *

CoMPLTX ALY

IRk = F AX / 2TLF + «l-1
FAAX = IR * TELF

FLGC = = FVAX
Fhl = FMaX
1799 FORVAT ()
XTEST = AGS(Ful=FLL)

IF(XTEZSTelTelea™=3 ") S0ty 363G
XTEST = XTIST/(A5S5(FLu) + ARS(FRT))
IF(XTEATablTele=2 1V 20 TU 955G

YSprEY = 70

NET = N2 - IR+ 1]
NGP = N2+ IR O+ 1
Tl = leZ=3°
O 4 s T o= MNSTNSP
i T2 = CA«S(a(IN) .
E Loino [F(T2eGTeT1) T1 = T2

: SAMAX = 2T e*ALCGL (T

- CALL SCaLE(D=¥AXs 1aX:CL)

XVxXSCL = vaxscL

XCSCAL = 1 ow¥(=X-"X3CL/2C0)

CALL FACTORL( «4)

CALL PLIT(Le9=2%e93)

CALL PLUT(12e9le9=3)

: CALL PLOT(-1.e9-164e92)

? 52 3 1 = 192

? CALL PLOT(=1 es.092)
CALL PLIT(1 esces2)
CALL PLTT(1"e9s=140es2)
CALL PLOT(=1 els=14e42)
CALL PLCT(=1 e le e--1s2)
CALL PLCT(1 e . 1970c1092)
CALL PLCT(1 e 19=140e"142)

1 CALL PLATH(=1"es=14e 1+2)

e PR T

AR A 1

C DD 3300 TAGAIN = 1472

C » #+ i
C DS LOOP 1u CALISRATIS THF _obT R030Ek

C » =

DY 1.1 = 70
Y = =lbLe + (e2¥%!
IF (MDD 01e5) 5% ) GO TO A
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CPLOTF (Continued)

CALL PLOT({-1LelsYs3)

GNH ¢ 8

IF (40D(141C0) oFQe 2) GO TL 7

CALL PLCT(=1.e16sYs3) -

GO TC 8

CALL PL2TH(=1 «2sY93)

CALL PLOTI(=-1 e0Ys2)

CONTINUE

Y = 2

D15 1 =

I -1

Y‘20

Yy = x¥xsSCL - 1 e ¥J*¥YSORED/TC

CALL NUMATR(=11e79sY=-061.55021aYYs0es—1)

CALL SYVEOL(‘ll-249'304’021olaHAVpLITUDE (D3)+90e0s14)

FCENTR (FLO + FHIN/2

FPPTR FHI - FCoNTR

[S(FUPPERGCGTeleu) GO T2 210C

IEXP = ALPCIS(FUPPEZRY = 1

S0 To 2101

CCNTINJE

XIEXP = ALCCLC(FUPPER)

1=xP = XIEXP

RIEYP = [FXP

1F ¢ (A%S‘XIEXD-RXEXD).LTOIOE-zL‘).AND.(XIFXPOGE.QIEXP))
[FxP = JEXP - 1

CONTINUEZ

1¢8

<
[ ]

FULSCL = FUPPER#(]1 e*¥%#(-1EXP))
IFLSTL = FULSCL

ITEMP = 17e*FULSCL

RITEMP = TTEVP

SCALELl = TFLSCL

SCALZ1 = 1loe*SCALEL/FLLEC
TENTIFS = 10e%IFLSCL

SCALEYl = SCALEL1/TENIFS

DO LONP 40 CALIZRATES THE BOTTOM POSITIVE 22RDER

ND 4 1 = D TEMP

x = I#SCALE1

IF (MOD{145) oFQe C) GO TC 32
CALL PLOT(Xs=140e193)

3C TC 35

IF (MOND(141C) o52e¢ J) GC TO 34
CALL PLOT(X9=14el613)

G2 TO 36

CALL PLOT(Xs=1be293)

CALL PLOT(Xs=14es2)

CONTINUE
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CPLOTF (Continued)

*
*

DO LOCP 140 CALI3RATES THE BOTTOM NEGATIVE BORDER

AN A NA
*
*

DO 1423 1 = 1.1TEMP
X = -I*SCALF1
IF(¥OD(195)e5Ge)GO TO 132
CALL PLOT(Xs-14els3)
CO T 136

132 IF(VOD(1s1L)eFQed) SO TO 134
CALL PLOT(Xs—14e1643)
GC 1D 136

136 CALL PLOT(Xs=14e253)

126 CALL PLOT(Xs-1b4s2)

147 CONTINUE

N0 LOGP 240 CALISRATES THE TOP POSITIVE 30RDER

ANANA

D0 243 1 = CsITEMP
X = I*SCALEL
[F(MOD(I+58)eEQec) 0O TO 232
CALL PL2T(Xsels3)
GN 10 2136

232 IF(MODI(1+10) «FGe 1) GO TO 234
CALL PLCT(Xsel6193)
GO TO 2736

234 CALL PLCT(Xse293)

236 CALL PLOT(Xsles2)

24C CONTINUE

0O LOOP 340 CALI3RATES THE TCP NEGATIVE BO0RDER

[aNaNa!

DO 240 I = 1sITEMP i
X = =I#SCALE]
TFIMOD(]95)eFQed) RO TO 332
CALL PLOT(Xsel93)
GO TO 336 ;
332 [F(MOD(I41C)eFGe0) GO TC 324 A
CALL PLOT(Xsel693) \
G TO 1336
334 CALL PLCT(Xse293)
336 CALL PLOT(X9Jes2)
340 CONTINUE

v

C
C DC LOCP 20 CALIBRATES THE RIGHT HAND BORDER
C

DO 20 1 = 0s7C

Y = =l4e + 0e42%*1

IF (MOD(1,5) «FQe -) GO TC 16
CALL PLECT( 17elsYe3)

GO TO 18

PORPRNSRSTSRS Y

-~
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CPLOTF (Continued)

14 IF (YODI(141C) eEQe ) G0 T0 17
CALL PLOT( 1.4163Y4+3)
G0 TO 18
17 CALL PLOT( 1Ue2sY93)
18 CALL PLOT( 1CesYs2)
20 CONTINUE
AKl = 1{e/FULSCL
CALL NUMRER(- Del€9—16e¢590d1y Sesles—=1)
DO 200 1 = 1.17LSCL
XPOS = =o06 + [*AL]
XNEG = -e12 - [#AK]
CALL NUMEER(XPOS’—IQQ59021’10*19000‘1)
2. CALL NUMEER(XHEGQ’140590210’1-*1’Uo’-l)
CAaLL SYMBOL(‘AoS,'14.99021,

1 46H(FREQUENCY - FCENTER) DIVIDED BY FSCALF (1'2)9C4s86)
CALL SYMECL(‘5050‘15.30QZIQICPFCENTER = sJesll)
CALL NUMéFR(‘ZoCO‘ISoBQoZl,FCENTR!Q.90)

CALL SYMBCL(UQQ—1503’02109H=SCALE = 90e959)
CALL NU“BER(2.49‘150390219100**15Xp00000)
(300" CANTINUE

ISTOP = N&P = NST + 1

DENCM = NSP = NQT

DELX = 2C+/DENOM

XS = = (N2 + 1 = NST) * DELX
DO 35 1 = 151STOP

1t =1-1

*1 = (CABS(A(I+NST=1)))*XKSCAL

IF(T] eLTe 1eF=7) GO TC 30

Y1 = (7/e/YSPRED) * 4o ¥ ALSG1O(T1)
IF(Y]l oLZe -1l4e3) GO TO 3y

x1 = I1 * DELX # X5

[FIX]1 «LTe =17re¢) GN 70 3T

TFI(X1 o376 174) 50 T 3N

IF(YleL aNe) 5C TD 25 %

CALL SYvHOL(Xl9016907191“‘930’1)

cO TC 30 _
255 CONTINUF e

CALL PLOT(X1ls-16e93) \«.

CALL PLOT(X1seY192)
CALL PLOT(X1e=-16e92)

3. CONTINUE
CALL pLOT(13o|‘2Qtv'3)

328 FORMAT(1H192Xel44PLAT COMPLFTED)
NRITE(6435)

99995 CONTINUE

RETURN
END
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12v

SUBROUTINE FFT(AsIGAMsISN)

COMPLEX A(1)sT1sT2+TEMP

DOUBLE PRECISION PI2+S09CO»SI9CIsSNsCS
P12 = 64283185307179586480D0

N = 2 #% JGAM

NBIT = 36 - IGAM

Nl = N - 2

DO 30 I = 1Nl
IFLIP = O

Ix = 1

DO 1U J = 1leIGAM
IoLD = IX

Ix = Ix 7 2

IBIT = I0LD - 2 * IX

IFLIP = 2 * IFLIP + IolIT
IF (1 «LEes IFLIP) GO TC 30
I1 =1 +1

12 = IFLIP + 1

TEMP = A(I2)

A(l2) = A(Il)

AtIl) = TEMP

CONTINUE

DO 8V I = 1+1GAM

NEL = 2#% |

NEL2 = NEL / 2

NSET = N / NEL

Sl DSIN(PI2/NEL)

Cl DCOS(PI2/NEL)

DO 80 J = 1sNSET

INCR = ( J - 1 ) ® NEL

SO = 04900

CO = 1.uDO

00 80U Il = 1sNELZ

J1 = 11 + INCR

J2 = Jl + NEL2

Tl = A(J]1)

T2 = A(J2) * CMPLX(COyv ISN * 50)

Al(Jl) = T1 + T2
AlJ2) = T1 = T2
SN = SO # C] + CO * SI

CS = CO # CI - SO # SI
Co = CS
SO = SN

IF (ISN +GTe C) GO TO 12v
DO 110 I = 1N

A(l) = A(T)/N

CONTINUE

RETURN

END
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SUBROUTINE LFOLD (AsN)
COMPLEX A (1),T1
N2=N/2

DO 10 I=1,N2

[1=1+N2

Ti=A (1)

A (Iy=A (11

A (11)=T1

rReTURN

END
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130
101

10
11

999

SUBROUTINE PRNT(AsN)

COMPLEX A(l)

WRITE(6+101,

00 1u I = 1N

Db = 1let30

T = CABS(A(I))

IF(T oGTe Ue) Do = 2Ue * ALOGLO(T)
WRITE(6,100) IsA(I)sDB
FORMAT(1Xs1591P2E15e495X90PF842)
FORMAT(// s- LINE=y7Xs=REAL=911lX9s-IMAG=912Xs~DB=/)
RETURN

END

SUBROUTINE RDTF(NPNTsNPLOTSsTIMESPLOT)
DIMENSION TIME(NPNT)s PLOT(NPNTsNPLOTS)
READ(19) TIME

READ(19) PLOT

RETURN

cND

SUBROUTINE SCALE(OBMAXsMAXSCL)

# THIS SUBROUTINE ESTAoLISHES ORLINATE SCALING FOR
THE REMOTE SPECTRUM PLOTTER.

IF(UBMAXeLEeue) GO TO 1lu

MAXSCL = O

MAXSCL = MAXSCL + 1lvu

ODIFF = DBMAX - MAXSCL

IF(DIFFeGTeO00) GO TO 1

GO TO 993

MAXSCL = O

MAXSCL = MAXSCL - 1lv

DIFF = (DBMAX - MAXSCL)

IF(OIFFeLEsUe) GO TO 11

MAXSCL = MAXSCL + 1lv

RETURN

END
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33

5

SUBROUTINE TTFP(AsNsDELFsFLOsFHI)

THIS SUBROUTINE PROVIDES A TELYTYPE PLOT OF THE FREQUENCY
SPECTRUM FROM FLO TO FHI

COMPLEX A(1)

DIMENSION IA(50)sMM(b)

* *

NST = (N/2) + INT(FLO/DELF + SIGN(e5sFLO))
NST = NST + 1

NSP = (N/2) + INT(FHI/DEeLF + SIGN(e5sFrl))
NSP = NSP + 1

* *

DBMAX = =1E30

IEND = NSP = NST + 1

DO 1 I = 1»IEND

DECTMP = CABSIAINST + 1 - 1))
IF(DECTMPoLTeleE=-3U) DECTM? = 1,E-30
b = 20e * ALOGLU(DECTMP)
IF(BeGT«OBMAX) DLMAX = B

CONTINUCE
* *

* *
WRITE(692) IEND

FORMAT(/5XsBHNSIZE = »15/)
* *

CALL SCALE(DBMAXsMAXSCL)

* ®

THE ORDINATE wILL VARY FROM(MAXSCL=50) DB UP
TO MAXSCL D8e.

00 33 I = 1450

IA(I) = 1lH

00 5 I = 196

MM(I) = MAXSCL = lu*(6-1)

MAXF = ApS(FLO)

IF(ABS(FHI)eGTeMAXF) MAXF = A3S(FHI)

NAMEF = 0

IF(MAXFeGTeleE3) NAMEF = 3
IF(MAXFeGTeleE6) NAMEF = 6
IF(MAXF.GT.10E9) NAMEF = 9

IF (NAMEF ¢EQeU) WRITE (6920v)

IF (NAMEF ¢EQe3)
IF (INAMEF eCQe6)
IF (NAMEF eEQe9)

WRITE(69203)
WRITE(69206)
WRITE(692U9)
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TTFP (Continued)

200 FORMAT (2X»14HFREQUENCY (HZ)s9X98HOECIBELS)
203 FORMAT (2Xs15HFREGQUENCY (KHZ)s8Xs8HDECIBELS)
206 FORMAT (2X s 15HFREQUENCY (MHZ) 98Xs8HDECIBELS)
209 FORMAT (2Xs15HFREQUENCY (GHZ) +8Xs8HDECIGELS)
WRITE(697) (MM(I)s]l = 1+6)
7 FORMAT(/7XslGys4(6XsIb4)s5Xsla)
WRITE(6+8)
8 FORMAT(9Xs1HI 35(l10H====4~===]))
FFACT = 1.
IF(NAMEF4EQe3} FFACT
IF{NAMEF 4t Qe6) FFACT
IF (INAMEF eEWe9) FFACT
FLO = FLO * FFACT
FHI = FAl * FFACT
DELF1 = DELF * FFACT
FLOPRT = DELF1*(NST -1 =N/2)
DO 1U I = 19I1END
DECTMP = CABS(AINST + 1 - 1))
IF(DECTMPoeLToleE-30) DECTMP = 1l,t-30

wonon

—

e e e

mmm
|

O oW

B = 20e * ALOGLO(DECTMP)
M = 50 + B - MAXSCL
J=1-1

XJ = J

FREQ = FLOPRT + Xv * DELF1
IF(MeLTeU) GO TO 5V
IF(MsEQeU) GO TO 34

DO 1515 I1 = 1M ﬁ
1515 IA(IL) = 1H-
WRITE(6935) FREQsIA
DO 1616 11 = 1M
1616 IA(II) = 1H
35 FORMAT(FBe3s2H 1550A1)
GO TO 36
34 WRITE(6s37) FREG L
37 FORMAT(1XsF7e392H =) S
GO TO 36 Y

5u wRITE(6951) FREQ
51 FORMAT(1XsF7e3s2H 1) .
1000 FORMATI( ) j
36 CONTINUE '
10 CONTINUE i
WRITE(6s11) =
11 FORMAT (6Xs4HFREQ) ;
RETURN ‘
END !

< ol .
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SUBROUTINE TTTP(ASNSTsNSPeNJUMP)
COMPLEX A(l)
DIMENSION IA(50)
! bMAX = Ue
j dMIN = dMAX
i DO 1 I = NSTsNSPaNJUMP
v = REAL(A(CI))
IFloeLTeMIN) BMIN a}
i IF(2eGTeBBMAX) OMAX L
IF((BMAX-BMIN)eLTelet=3u) GO TO 9359
VC 33 [ = 150
33 TA(l) = 1H
100 WRITrE(694)
4 FORMAT(5Xs1H+)
WRITE(693) BMINsDMAX
3 FORMATI(12Xs=AVPLITUDE- ™MIN —9sEFebs—9y MAX —9sEFeb 9= VOLTS-)
WRITe(694)
ARITE(696)
6 FORMAT(BXe2H U’3X’2Hol93X92H02’3X’2H0393X$2Ho493x’2H.5’
1 3X92Ho693X92Ho7’3X'2ﬁ0893X92Ho992X03H1-O)
WRITE(6T)
7 FORMAT(IHQEXQIHIQIJ(SH‘-“I))
DO 10 I = NSTsNSPsNJUMP

W on

B8 = REAL(A(I))
B = (B=OMIN)/ (BMAX=BI1IN)
M = INT(B8%50e+Ce5)

IF(MeEGeU) GO TO 34
[A{M) = 1H*
WRITE(6935) Is1A i
[A(M) = 1H
35 FORMAT(2Xs15s3H Is5UAL)
G0 TO 36
34 WRITE(637) 1
37 FORMAT(2Xs1553H *)
36 CONTINUE
10 CONTINUE
WRITE(6511)
11 FORMAT (6X s 1HN)
GO TO 90U -
; 999 WRITE (699) |
9 FORMAT {1Xs12HERROR FINISH) |
90y RETURN
END

e B
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SUBROUTINE WRTDTA(NPNT sNPLOTSsTIMEPLOT)
DIMENSION TIME(NPNT)s PLOT(NPNTsNPLOTS)
WRITE(69110)

READ(59102) ISW

IF(ISW ¢GTe V) GO TO 1V -

WRITE(69101)

WRITE(69111)

WRITE(69100) TIME

WRITE(69100) TIMz
GO TO 999
10 IF(ISW «GTe NPLOTS) GO TO 20
WRITE(6+101)
WRITE(69112) ISW
WRITE(69100) (PLOT(I,ISw)s [ = 19NPNT)
GO TO 999
2u WRITE(69113) NPLOTS
10U FORMAT (1Xs1P6EL1le4)
lul FORMAT(///)
luz FORMAT( )
11y FORMAT (- ENTER u FOR TIME LISTING OR DATA SET NUMocR-)
111 FORMAT(3UXs~TIME-/)
112 FORMAT (25X s~=DATA SET NUMEBER =»12/) .
112 FORMAT(//- ERROR--LARGEST DATA SET NUMBER IS -s127) ’
999 WRITE(6+102) .
RETURN
END

i
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APPENDIX C

FATCAT PROGRAM DESCRIPTION AND LISTING

1. General Description

The program is coded in FORTRAN 1V and the Univac-1108 version con-
sists of a main program and 31 subroutines; in addition one of the sub-
routines (CPLOTF) which generates plots of frequency spectra on a CAL-
COMP plotter requires calls to 5 other subroutines contained in a plotter
control package. This plotting routine and associated plotter control
subroutines are not used in the SIGMA-5 version.

Several of the subroutines contain multiple entry points; the total
numbar of subroutine and function entry names in the Univac-1108 version
is 47. These names are listed in alphabetical order in Table C 1 and
those which are not subroutine names are identified.

In the following sections, the main program and all subroutines
are briefly described, and each description is followed by a listing of
the routine as used on the Univac-1108. For listings of the SIGMA-5
versions of those routines that were modified for that machine, see

Appendix D.

NOTE: Many of the Hollerith strings in format statements were delimited
with quote marks. The printer used to make the following listing
did not have the quote character; a minus sign appears where each
quote should have been.
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TABLE C 1
ALPHABETICAL LISTING OF ALL SUBROUTINE ENTRIES IN FATCAT

(All names denote subroutines unless marked otherwise)

1. ADJN 25, LFOLD

2. AMDEMO 26, LIM

3. AMP 27. LSTCOM

4. BCDFPT 28. NUMBER'

5., BWBNDP 29. PDCHK

6. BWBSTP* (BWBNDP) 30. PERIOD

7. BWHIP* (BWBNDP) 31. PHDEMO

8. BWLOWP* (BWBNDP) 32. PLOTT

9. CHBNDP 33, pLoTst

10. CHBSTP* (CHBNDP) 34. PROCES

11. CHHIP* (CHBNDP) 35, PRIFACT (PERIOD)
12. CHLOWP* (CHBNDP 36. SCALE

13. CPLOTF™" 37. STGGEN

14. ELFIND 38. STRDTA

15. FacTOrR? 39. SYMBOL*

16. FETCH 40. SYNBP

17. FFT 41. SYNHP* (SYNRP)
18. FILTER 42. SYNLP* (SYNBP)
19. FLATSP 43. TELPLT

20. FMDEMO 44, TIMFCN

21. FRQFCN" (TIMFCN) 45. TTFP

22. FRQMUL 46. WRFF® (WRTF)
23. IDLMUL 47. WRTF

24. INPFOR

*Entry Point in subroutine named in parenthesis.
**Not used in SIGMA-5> version.
+CALCOMP plotter subroutines called by CPLOT.

oo Rkt o 5
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2. MAIN PROGRAM

Calls: PLOTS*, FETCH, ELFIND, WRTF, WRFF, TELPLT, TIFP, CPLOTF, PRTFAC,
STRDTA, PROCES, LSTCOM, INPFOR, PDCHK.

Commons: blank, CFREQ, CDOM, CDATA, CCIRKT, CWORD, CFLGS.

Description: MAIN is the overall controlling program which directs the
cperations of command and data input, interpretation of input, data
storage, and command execution. Most of the detailed work in all opera-
tions is carried out by subroutines.

Program Listing:

PARAMETER NMAX = 2048

COMPLEX A{NMAX)

COMMON N IGAMoDELF s OELT 9PLsCARRFG
COMMON /CFREGQ/ NFxsFRI(6)

COMMON /CDuUM/ DUMFLG

COMMOIN /CDATA/ JCTxsDATA(LVY)
COMMON /CCIRKT/ NOLKsITYP(3usd)
COMMON/CWORD/ wURD(1U)
CCMMON/CFLGS/ POFLGARFLG

LOGICAL PDFLGs ARFLG

C DIMELSION I[B8UF(5004)
C CALL PLOTS(IBUF({1)y5uuusl)
JCTR = 1
ITYP(192) = JCTR
NFR = O
NoLK = U
IolK = U
PDFLG = +FALSE.
ARFLG = oFALSE

WRITE(6970U6)

DO 2 I = 1910

2 WORDI(I) = 6H

CALL FETCH(WORDs L N3AD)

IF(NBAD +EQes 0) GO TO 1

CALL ELFIND(WORDs LTYP)

GO TOt 10s 20s 3Us 2Us 50s 6Us TOs» 80y 9Jus 100
110s 120s 130Uy 14Us 150 16us 17us 18us 190 20U
2109 220y 23Uy 24us 25us 26us 270y 28Uy 29us 3uvn
3109 32Us 33us 34us 35us 36Uy 3Tus 38Uy 3909 LUUY
4109 42Uy 430)sLTYP

foy

& W N

*CALCOMP plotter routine,
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L2

10

12
15

2y

25

3u

32

C * »
3V}
C » #

S5uU

7101

C » »
60

C * #
79

C » »
6J

MAIN (Continued)

IF (WORD(3) «EQe¢ 1H ) GO TO 12

N1 = WORD(2)

N2 = WORD(3)

60 TO 15

WRITE(6s700u4)

READ(59700U) NlsiN2

CALL WRTF(AsN1enNZ)

GO0 TO0 1

IF (WORD(3) «EQe 1H ) GO TO 22
FRLO = WORD(2)

FRHI = WORD(3)

GO TO 25

WRITE(6s7005)

READ(597000) FRLOUSFRHI

IF (LTYP oEGe 4) GO TO 4V
CALL WRFF(AsFRLOsFRAL)

GO 10 1

TTy TIMe PLOT

IF (WORDI(3) eEQe 1lH ) GU TC 32
NST = WORDI(2)

NSP = wORD(3)

NJUMP = WORDI(4)

IF (NJUMP eEGe 1H ) NJUMP = 1
GO TO 35

WRITE(6s7007)

READ(59700U) NSTeNSPeNJUMP
IF (NJUMP oLTe 1) NJUMP =1
CALL TELPLT(AgNSTINSP s NJUMP)
00 10 1

TTY FREQUENCY PLUT

CALL TTFP(ASFRLOsFRHI)

GO 70 1

CALCOMP TIME PLOT
NRITE(6s7101) ((ITYPUIsJ)s U = 192)9 I = 1e5)
FORMAT(1Xs2(1343X))

GO TO 65¢

CALCOMP FREQUENCY PLOT

CALL CPLOTF(A)

GO TO0 1

PRINT PRIME FACTORS

CALL PRTFAC

0O TO 1

END OF JO8

G0 TO 999




J e

e

*
S0

* *
100

* *
110

* *
120

* *
13¢

* #*
140

* *

15C

* »
160

* ®
170

* »
180

* »
190

MAIN (Continued)

BUTTERWORTH BANDPASS
CALL STRDTA(3,04+0)
NTYP = 3

GO TO 600
BUTTERWORTH LCWPASS
CALL STRDTA(Z290+0)
NTYP = &

GO TO 600
BUTTERWORTH HIGHPASS
CALL STROTA(25Us0)
NTYP = 5

GO TO 6UU
SUTTERWORTH BANDSTCP
CALL STRDTA(3,0,0)
NTYP = &

6O TO 600

CHEBYSHEV BANDPASS
CALL STRDTA(4sU0Q)
NTYP = 7

GO TO 6uU

CHEBYSHEV LOWPASS
CALL STROTA(3+0s0)
NTYP = 8

GO TO 6V

CHEBYSHEV HIGHPASS
CALL STRDTA(3,0,4,0)
NTYP = 9

GO TO 600

CHEBYSHEV BANDSTOP
CALL STRDTA(440+0)
NTYP = 10

GO TO 60V
SYNCHRONOUS BbANDPASS FILTER
CALL STRDTA(340s0)
NTYP = 11

GO TO 600
SYNCHRONOUS LOWPASS FILTER
CALL STRDTA(24040)
NTYP = 12

GO TO 600
SYNCHRONOQUS HIGHPASS FILTER
CALL STRDTA(Z2sUs0)
NTYP = 13

GO TO 6v0
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* *
200U

* %
21¢C

229

* ®
230

240V
* *

250

»
260

*  *

270

280

290

291
293

292

295

MAIN (Continued)

SIGNAL GENERATOR
CALL STRDTA(64291)
CARRFQ = WORD(2)
NTYP = 1

GO T0O 600

FREQUENCY MULTIPLIER
NTYP = &

GO TO 600

GO TO 430

IDEAL MULTIPLIER
CALL STRDTA(2s1s2)
NTYP = 16

GO TO 6uV0

GO TO 430

FM DEMOUULATOR

CALL STRDTA(1,0U»0)
NTYP = 19

GO TO 600

PHASE DEMODULATOR
CALL STRDTA(1+0+0)
NTYP = 20

GO TO 6uU

AMPLIFIER

CALL STRDTA(1+0+0)
NTYP = 2

GO TO 600

LIMITER

CALL STRDTA(3,0,0)
NTYP = 17

GO TO 600

NOUT = WORD(2)
IF(NOUT oLEe NBLK) GO TO 291
WRITE(6+97001) NBLK
GO TO 1

IF(NOUT = IBLK) 29592959293
IF(PDFLG) CALL PDCHK
ITMP = IBLK + 1

DO 292 I18LK = 1TMP, NOUT
IBTYP = ITYP(IBLKs1)
JCTR = ITYP(IBLKs2)
CALL PROCES(IBTYPsA)
CONTINUE

18LK = NOUT
WRITE(6+7002) 1bLK
GO TO 1
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MAIN (Continued)

300 CONTINUE
310 CONTINUE
320 GO TO 37¢
330 GO TO 43¢
C #* ® AM DEMODULATOR
340 CALL STRDTA(140,0)
NTYP = 22
GO TO 600
C * % FLAT SPECTRUM GENERATOR
350 CALL STRDTA(340+0)
CARRFQ = 0o
NTYP = 23
GO TO 60UV
36U CALL LSTCOM
GO TO 1
370 GO TO 650
380 CALL INPFOR
GO TO 1
390 GO TO 650
400 GO TO 650
410 GO TO 650
420 GO TO 65y
430 WRITE(6»7C03)
GO 1O 1
60U NBLK = NBLK + 1
ITYP(NBLKsl) = NTYP
ITYPI(NSLK + 142) = JCTR j
GO TO 1 '
650 WRITE(6+71v0) WORDI(1) .
GO TO 1
7,00 FORMAT()
7001 FORMAT (- # # ERROR * # LARGEST BLOCK NO IS5 =912y~ % #-)
7002 FORMAT (- PROCESSING COMPLETE THRU BLOCK =»12)
7003 FORMAT (- # # UNDEFINED STATEMENT * #-)
7004 FORMAT (- ENTER LOWs HIGH INDICES-)
7005 FORMAT (= ENTZR LOWs HIGH FREQUENCIES-) ,
7006 FORMAT (= START-) o
7007 FORMAT (- ENTER N3TARTs NSTOPs NJUMP-)
7100 FORMAT (- COMMAND =-sA69¢= IS5 NOT YET OPERATIONAL-)
999 CONTINUE
C CALL PLOTS(Ues0e9399)
STOP
ENC

W"*.!"'"'"
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3. Subroutine ADJN

Called by: PDCHK, PERIOD, FLATSP
Calls: none

Commons : blank

Entries: mnone

Description: ADJN adjusts N (number of data samples) to be a power of 2.
1f the current value of N (either that computed to meet the Nyquist cri-
terion or that entered by the user) is already a power of 2 it is not
changed; otherwise it is adjusted upward to the next power of 2.

Program Listing:

SUBROUTINE AOJN

COMMON N IGAMsDELF 9 DELT 9PD
IGAM = ALOGIN)IZALUG(Z2e) + «999 7
N = 2%##]GAM j
DELT = PD / N :
RETURN

tND

. . w
& .

oo
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4, Subroutine AMDEMO

Called by: PROCES
Calls: FRQFCN, TIMFCN
Commons: blank, CDATA
Entries: none

Description: AMDEMO simulates an ideal amplitude demodulator. Operating
on the frequency spectrum, the negative frequency components are all set
to zero to give a spectrum characteristic of a complex time function.

The positive frequency components are then shifted down in the data array
by an amount corresponding to the center frequency of the demodulator,
thus positioning the spectrum at baseband. Transforming to the time
domain produces a complex time wave form; conversion to a real time wave
form is effected by replacing each time sample with one whose real part
is the absolute value of the complex sample, and whose imaginary part is
set to zero.

Program Listing:

SUBROUTINE AMDEMO(A)
COMMON N IGAMyDELF sDELT sPLsCARRF U
COMMCN/CDATAYZ JCTKIDATA(2uv)
COMPLEX A(l)
PI2 = 642831853
N2 = N /2
FO = WORD(JCTR)
CALL FRQFCN(A)
C % # REMOVE THE NEGATIVE FREQUENCY CUMPUNENTS
00 10 I = lsN2
10 AUI) = (Ues Uo)
C * * MCVE THE MODULATED CARRIER TUu ZErU FREWJENCY
[FO = Fu /s DELF + o5
NSTART = N2 + 1
NSTOP1 = N - [Fu + 1
DO 11 I = NSTARTsN
11 A(l - IFu) = A(])
D0 12 1 = NSTOP1lsin
12 A{I) = (Oes Co)
C # ®» RECOVER THE AMPLITUDE INFORMATION
CALL TIMFCN(A)
DO 20 1 = 1N
TEMP = CABS(A(I))
2u A(l)Y = CMPLX(TEMPs ve)
RETURN
ENC
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5. Subroutine AMP

Called by: PROCES
Calls: none

Commons: blank, CDATA
Entries: none

Description: AMP simulates an amplifier. Its action is simply to mul-
tiply each data sample by a constant. Since the multiplication is the
same in both time and frequency domains, AMP accepts the data array in
either domain.

Program Listing:

SUBROUTINE AMP(A)
COMPLEX A(l)
COMMON N IGAM
COMMON/CDATA/Z JCTrsDATA(ZUV)
XP = DATA(JCTR) / 2ve
G = 10e%#XP
DO 100 I = 1sN
100 A(I) = G*A(])
RETURN
END
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6. Function BCDFT

Called by: FETCH
Calls: none
Commons: none

Entries: none

Description: BCDFPT accepts binary coded characters representing numeri -
cal quantities and converts them to a real number which is returned
through the function name. This routine was adapted from CIRCUS with

a few minor changes.

Program Listing:

JNCTEOY TTESTL Tt )
. LAnFBT CChvsRTA DATA ERSM CP T FLUATING POINT.
c LEm 1S AN RRRAY TONTAINING Teiom (0 CHARICTIES
< CHICrF ARYOTO T CUNVERTIL
C 1= [acix 3F TP CRARACTFR =InG CONMWEITL T
¢ J = InmEX CORRTEPONUING T ThE DIGIT J-le
| C < = 1 amEn SICOTING WROLE UYIER PIRTICNG
| C 5 T DECATING FRACTIONAL PCRTINN
: 3 GHEN DFCOTING £XPINT T,
| INTEGES 11T, T» OLUS, DECPT, £CP
LAGICAL EXPFLC, DIASLG, DFCTLGS TXSION
SIVEME]AN BCT (11K S IR S INTFOD(2) 4 RESILT(3),NIGIT )
DATA NIATIT 7 1 e 1Al s R s 1H 2y 1ty THE 3 1H6 3 1HT 5y 1HR TG/
, CATA PLUSs MINUSs E9 DTCPT 7 1m+s 1H=s 1KEs 1He /
- TXPFLDG = oFALST
i SI3FLS = et iLSh
i SECELA = 4TALSE.
3'1;{ §XSI"‘\‘ = or"\LE:r_.
4 %D 11 <=143
4 KSIGN(C) = 1 .
« INTISRIK) = 7 \
. 11 CANTINUF 2
. NPLART = 0 |
i < =1 (
L 3 31 I=1,'

[CHAR = (7
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e Ter e

AN aYe)
*

*

C*
C*
C*

C#

24

2€

FUNCTION BCDFPT (Continued)

TEST FCR SIGNs DIGIT, DFCIMAL POINTs OR E

IF ( ICHAR-PLUS ) 13,232,12

IF ( ICHAR=MINUS ) 144924514

DC 15 J=1,13

1F ( ICHAR=DIGIT(J) ) 15925415
COANTINUE

15 ( [CHAR=DICPT ) 16426516

I¥ ( ICHAR-F ) 21929521

PLUS SIGN

ELG ) S0 TN 28

MINUS SICN

IF ( DI%FLG Y 53 TC 27
CSION(LY) = -1

o0 TC 31
L1517 FROM § TO O

INTEGR(K) = 1U#INTZGR(<)+J-1
NPLART = MPLART+L-1

DIGFLG = «TRUF e

G2 T 31

NECIVAL POINT
~uLY ONE O DECIMAL PAINT PER NUMERER IS ALLOWED .
YICTMAL POINT IS NOAT ALLOWED IN EXPCNENT e

IF ( DICFLCG ) 50 TC 21
IF ( EXPFLG ) GO TC 21
DECFLG = «TRUZ

K = 2

GCCc 1O 21
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FUNCTION BCDFPT (Continued)

C#

C# *E# FOP EXPONENT
Cx BLANK TIMES TFN *¥ EXPCNENT MOT ALLCWED.

O

27 KSIGN(3) = -1
28 IF { FXSIGN )Y 50 TO 21
EXSIGN = oTRUE
wo TC 30
29 IF ( SXPFLG ) GC Tn 21
IF ( oNCTe DIGFLS ) GO TO 21
2., EXPFLD = oTRUZ
£ =1
NPLASY = MPLART
31 CONTINUE

C#
< THE NUMEER HAS AFIN STPARATED INTC INTFCER, FRACTICN,
C ANT EXPONTANT PARTS,  COVEINE THTY TO FORY THE
C NUMRER TN FLTATING POIMNT,.
C

IF ( ZXPFLT ) OO0 T2 32

EXPCY = 1

50 T 3¢ !
C#®
C CALCULATT S¥PONENT. AN FXPANIMNT VAY BE ONLY TWO :
C SIGITS LONG AND LESS THAN 38 IN MAGNITUDE. )
T ;

32 IF ( NPLART=-ANPLASV=-4 ) 33,32,2]
33 [EXPON = INTEGR(3)%#KSIGN(3)
J IF ( TASS( 1SXPCN ) = 37 ) 34434421

£ 34 IXPCN = 17e**[EXPON
& NPLART = NPLASV
2 C*
§ Cx CALCULATE MANTIZSA
2 C¥
. 35 RTSHFT = 1.¢**NPLART
j:»“.j." RESULT(1) = FLOAT( INTEGR(1)I*#KSIGN(1) )
i RESULT(2) = FLOAT( INTEGR(2)#KSIGN(1) ) / RTSHFT
# RCDFPT = ( RESULT(1)+RESULTI2) )*EXPON
8 41 RETURN
& C*
§> C ILLS5AL CHARACTER OR HAD SYNTAX,
‘@ C* ¢
3 21 N = -1 :
# GO TO 41
k END
r
¥ P
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7. Subroutine BWBNDP

Called by: PROCES

Calls: FILTER

Commons : CDATA, CFILT

Entries: BWBSTP, BWLOWP, BWHID

Description: BWBNDP simulates a Butterworth bandpass {ilter; auxiliary
entries prod.ce simulations of Butterworth band stop, high pass, and low
pass filters.

The Butterworth filter produces a maxirmally flat response defined
by the function

|# @) = e @

2.n
1 + (w
v/ (p)
where n is the filter order and Wp is a normalized frequency. I he poles
of Equation (1) are given by
Sk = e 2)

where

6 = (2541§L:-i) (%) Lk =1,2, ... 20, (3)

With the poles known, the transfer function can be written in terms of
the n poles lying in the left half-plane as

N N GO o o

\ 1
HE) = TG - 506 - 85 «vn 6 - 8) ®)

The Butterworth filter models are implemented with Equations {2), (3), /
and (4). The computation of the transfer functiom, Equation (4), is .
carried out in subroutine FILTER. Subroutine BWBNDP computes the values i I
of Sk, and sets up variables from which the normalized frequency, Cp,
can be determined to satisfy the definitions

w = w/w_for low pass,
P N

i B ST S <

@€ - w

w_ = 2 for band pass,

P &)
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w_ = wc/w for high pass,

Bw

w_ = 2 for band stop,
P W=

€
H

3 dB corner frequency, and

g

full 3 dB bardwidth.

All Butterworth filters calculated with this model will exhibit 3 dB
attenuation at the corner frequency (low pass and high pass), or at one-
half the bandwidth away from the center frequency (band pass and band
stop). The computed transfer function of the latter two are symmetrical.

Program Listing:

SUBRCUTINE BwieNDP (A)
COMPLEX A(1)eS(20)
COMMCON/CDATA/ JCTRsDATA(2UV)
COMMON/CFILT/ FUsFCOFFsNRs AMPSsFFLGsS
LOGICAL FFLG
FFLG = «TRUL
GO TO 2
ENTRY BWoSTP(A)
FFLG = oFALSE.
2 FO = DATA(JCTR)
FCOFF = DATA(JCTR+1) 7/ 2.
NR = DATA(JCTR+2)
GO TO 6
ENTRY SwLOWP(A)
FFLG = +TRUE. W
GO TO 4 \
ENTRY BwHIP(A)
FFLG = oFALSE.
4 FO = U
FCOFF = DATA(JCTR)
NR = DATA(JCTR+1)
& AMP = 1.
DO 10 K = 1sNR
THETA = 145707963 * ((2e%K + NR=1)/NR)
10 S(K) = CMPLX(CCS(THETA)s SIN(THETA))
CALL FILTER(A)
RETURN
END

B % B i

r,
3

g A e LIRS e S
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8. Subroutine CHBNDP

Called by: PROCES

Calls: FILTER

Commons : CDATA, CFILT

Entries: CHBSTP, CHLOWP, CHHIP

Description: CHBNDP simulates a Tchebysheff bandpass filter; auxiliary

entries produce simulations of Tchebysheff bandstop, high pass, and low
pass filters.

The implementation of the Tchebysheff (equal ripple) filter model
is identical to that used for Butterworth filters except for the compu-
tation of the poles. The poles for the Tchebysheff filter are given by

5, = 9 I, L
where
S + tanh a sin 6,
Wy = cos ©
1 ., .-11

a=_ sinh c

6 = (“‘—n'—l-) (%) k=1,2,3, ...2n,

¢ = ripple width, 0 < ¢ < 1.

CHBNDP computes the poles and then calls subroutine FILTER which
actually computes the transfer function and applies it to the frequency
function.
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Program Listing:

10

15

SUBROUTINE CHBNDP (A}

COMPLEX A(1)95(20)
COMMON/CDATA/ JCTReDATA(200)
COMMON/CFILT/ FOsFCOFFINRsAMPsFFLGHS
LOGICAL FFLG

FFLG = «TRUES

GO TO 2

ENTRY CHBSTP(A)

FFLG = +FALSEe

FU = DATA(JCTR)

FCOFF = DATA(JCTR+1) / 2.

NR = CATA(JCTR+2)

EPSD3 = DATA(JCTR+3)

GO TO 6

ENTRY CHLOWP(A)

FFLG = «TRUE.

GO TO 4

ENTRY CHHIP(A)

FFLG = oFALSE.

FU = 0o

FCOFF = DATA(JCTR)

NR = DATA(JCTR+1)

EPSDB = DATA(JCTR+2)

X = le / SQRTIEXP (423025851 * EPSDB) = le)
ARG = X + SQRT(Xx *% 2 + 1)

AE = ALOG{ARG) / NR

CALL FRQFCN(A)

DO 10 K = 1sNR

THETA = 1.5707963 * ((2e%*(K + NR)=1)/NR)
SIGK = TANH(AE) * SIN(THETA)
OMEGK = COS(THETA)

S(K) = CMPLX(SIGKs OMEGK)

FFAC = COSH(AE)

IF («NOTe FFLG) FFAC = 1le/FFAC
FCOFF = FFAC * FCOFF

AMP = e

DO 15 K = 1sNR

AMP = AMP #* CAGSI(S(K))

IF (MOD(NRs2) oEQe u) AMP = AMP / EXP(+11512925%EPSDB)
CALL FILTER(A)

RETURN

END

133

ol e s

o

e S T




9, Subroutine CPLOTF

Called by: MAIN
Calls: FRQFCN, SCALE, FACTOR*, PLOT*, NUMBER*, SYMBOL*
Commons: blank

Entries: none

Description: CPLOTF is used to produce high quality plots of frequency
spectra. The routine actually generates a data file suitable for driv-
ing an off-line CALCOMP plotter., Since the routine embodys both equip-
ment and procedural considerations, its use is probably limited to the
Univac-1108 and CALCOMP plotter at Georgia Tech. It is included here
for completeness.

Program Listing:

%* *
SUSRIUTING C(PLOTF(A)
nENTo TRE FALLOWING CAMTROL STATEVENT vU'ST PRECESD THI
EXFCUTT ZTATIMENT FOR RUNS USING CALCOVP PLATS,

@UST UNIT #, TPF3

* ¥
COMVON Ny IGAVsCCILF
CCVPLEX A(D)
CALL FRAFCN(A)

1735 FIRMATL)
ZRITEL691716)

1716 FORMAT (= FNTER FLO ANT FHI FOR CALCOMP SPECTRUM PLDT.-)
READ(541799) FLTsFHI
XTEST = ASS(FHI=FLT)
[F(XTFESTeLTele==3") 70 TC 99993
XTEST = XTEST/(ASS(F_C) + AIS(FHI)
[FIXTESToLTelaE=32) GO TO 9959
YSPRED = 7.

la YA RSN A XA

M2 = N/2 b

NST = N2 + INT(FLO/DELF)Y + 1 N
NSP = N2+ INT(FRI/ZDELF) = 1 A Y
Tl = 1e5-2¢

0C 400 1 = NETNS?

T2 = CA3S(ALL)) i
L0Ge IF(T2eGTeTl) T1 = T2 !

ORVMAX = 2N 4 #ALCG1 (71

CALL SCALT (DBMAXMAXSCL)

PR

XMxSCL = MAXSCL ,
XKSCAL = 1Je%#(=XVXSCL/27e) i

i

4

*CALCOMP plotter routines -
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CPLOTF (Continued)

CALL FACTCRI(U o&)
CALL PLOT(ULes=2.e93)
CALL PLOT(12630e9=3)
CALL PLOT(=1 es=14443)
DO 3 1 = 142
CALL PLOT(-10 e9'1092)
CALL PLOTI(Y a9l as2)
CALL PLNT{1Nes=140ey2)
CALL DLOT(_IACCIQ_IL‘.’Z)
CALL PLOT(=1"e219 0192
CALL PLOT(1%2e"1sme 142
CALL PLCT(1.e 19=14s2102)
3 CALL po‘T(‘l»-o!"lao‘;IOZ)
D2 3000 TAGAIN = 142
N1 1 = Le70
Y = =146 + ‘:.2*[

IF (V22(1,5) o50e =) 50 TC 6
CALL PLOT(=17alsVe?)
ST SO .

5 IF (M33(T,17) «30e =) 62 T2 7
CALL PLOTI(=104164Y92)
Co T 8

7 CALL PLCT(-17e29sYs?)

R OCALL PLCT(=-1T4esYs2)

10 CaNTINCE

Y = Z2e

D315 1 = 148
J=1-=-1

Y = Y=2oe

YY = XMXSCL = 1le#J®YSPRED/T7le
15 CALL NUV&[R('110399Y°-1)90021yYY9Va9-1)

CALL SYWBCL(’ll.2“9'5.4002191QW5VDLYTUC; (N:)990e7914)
FCENTR = (FLTC + FHIV/Zo
FUPPTR = FHI - FCONTR
[F(F.PPIReZTale) 22 T2 2100
IZxP = ALSGIL(FUPPIR)Y =1
CO T2 21vl

¢lw . CONTINUCL
XIEXP = ALCGL (FUPPER)
[EXP = XIIXP
RIEXP = [EXP
I:((AWS(YIEYP-?IEYD).LT.lot‘Z“).A\P.(y[fxp.c:.qtryo)‘

1 1-yD = 1rxp - 1
2171 CONTINUE
FULACL = FUPPET# (1 ox¥(=1t¥YB))
[FLSCL = 7ULSCL
[TZwp = | e*7LLSCL
QTP = [TEVD
SCAL- 1 = !IrLSCl
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13-
136
14

232

332

234
336
340

CPLOTF (Continued)

SCALEL = loe*SCnLtl/FULSCL
TENIFS 1.e*IFL.TL

QCALFY = SCALSVI/TEMIFS

D7 40 I = TLITEMP

X = [#*SCALEL]

I[F (YOD(1,5) «lle ') GO TC 32
CALL PLOT(Xs=14el93)
G TD 36

IF (MON(I417) o536 )
CALL PLOT(X9=14a1643)
CO TC 3¢

CALL PLOT(Xs—14e292)
CALL PLUT(Xs=14e92)
TONTINUL

DM 14 1 = 1s1TEVP

X = -I1#sCAaAL”l
[F(0D(195)e Qe )0 TN 132
CaLL PLOT(Xs=14els3)

G2 T 1256

[F(¥3D(Tsel Ve 0s™) =7 T2 134
CALL PLOT(X9=14410s2)

¢ T2 135

CALL PLCTIiXs-14e293)

CALL PLOT(Xs=14es2)

CSNTINUF

NG 240 1 = CeITENP

X = I*SCALtl
[E(VYaT{1s5)efle’ ) 5D T 232
CALL PLOT(Xsels3)

50 TS 236

IF(MCO(Is17) o535 7)Y CC TD 234
CALL PLOT(Xse1643)

G2 TO 235

CALL PLOT(X9e293)

CALL PLOT(Xsves2)

CONTINUE

DO 3460 1 = 1s1TEVP

X = -1#SCALF]
IF(MOD(1+5)efGe.r) <O TC 332
CALL PLOT(Xsels3)

6n T2 2356

IF(MND(Ts1.)eFJe0) &7 TO 334
CALL PLOT(X9el693)

50 TO 336

CALL PLOT(X9se2¢3)

CALL PLOT(Xsces2)

CONTINUE

GC TO 24
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CPLOTF (Continued)

! .97

Y = =16e + Lecl%*l
I (70 (Te2) ol ie ) CO T7 18
CALL PLTTE T elseVvVe™)
A Th 1

16 17 (73001,) ) &77e 7y 00 TO 17
CAL PLITE 1 e1heY )
T s

17 CZALL PLUTE T e7aYeR)
T sl PLUTE T esTel)
oo Tl
Al o= 1 e/rJdLElL
CALL NLor = LelhemlheSeells cev. e9—1) '

C2. 1= 1.1FLslL
XPU3 = —e b o+ I%AL
XA = =12 = TEAC]

- Y
At 1

XDy =146 B

Ll se2lsle*l g a9-11
2 TALL O - s=1leTsalls~le¥*¥ls.0es-1)
TAMLL &Y miL(=LeTe~14eT 00l
1 LG (Fs o rnlY = S0 TIR) TIYLIOET ey FCTALT (F2)es qeké)
CALL Y "= "L i-bLeBs~13e%9e21 sl AFCENTTIR = s.eellM) .
ALL U TTRU=Ce . 9~1%e3 0021 aFCENTR s Tey )
CALL Svyvidlud oo“L%o?,o?thHCSC*L: = 37es3)
CALL Lt T R (felby=1% a3 9 el sl e ¥ HIEUXD e es)
3 conTlhings
[&T22 = N&ev = °T o+ 1
cERT = NER = NGT o+ 2 :
SFLY = Zle/TENTY 3
T3 I = 1,1cT7T2P
Tl = (CA=S(A(I+NETI ) *¥YCKEOAL

IF(T] eLTe lei=7) &2 70 2.
Y1 = (7 . ¢/YCRRID) # 46 * ALTLIN(TL)
[F(Y]Ll olLFe ~l4e) 1D TS 30
X1 = 1 % DILX = 1.
IF(Xl oLTo ‘l«o) o0
IF(X]1 o=-Te 1 o) o T
IC€(Ylel o o) -7 TC 285
CALL 3YYi2LI(Y1ge1h9021sl-%s asl)
GCTH 3
SE 0 CONTINGS !
CALL PL TI(X1e~140es2) r
CALL PLOT(X1aY192) :
CALL PLTT(X1s=160es7)
T CTNTINGE
CALL PLOTH(1Re9=2 e9=1)
26 FORMVATIYAL 92Xy 1620 0T C2V21L0TE )
snIT=(5he3R)
Soaw UONTINUT
RETLAN

.-
o

TS
o)
(ORI
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10. Subroutine ELFIND

Called by: INPFOR, MAIN, PDCHK
Calls: none
Commons: none

Entries: none

Description: ELFIND compares a Hollerith string of up to six characters

to a number of pre-stored character strings. When a match is found, an

integer is set to a unique value which indicates the matched string. This

is the basic operation of identifying the input commands; the integer is

returned to the calling program and used to direct program flow to pro- '
perly execute the command. Tiis subroutine was patterned after a similar

subroutine in CIRCUS, but is essentially a complete rewritten version.

Program Listing:

SUsROJTINE FLFIND (NAYIHL)
PARAMETER NMAX = 42

ELFIND TRIES TH MATCH THE KEY WORD FROM AN INPUT DATA
STRING (NAME) ACLINST ONF OF THFE ALLOWASLE INPUT FORMS.
L 18 SZT TO TH= INDEX wHICHA CORRESPONDS TO THE MATCHED
INPUT TYF:Z.
DIMENSION MATCHINVAX)
SATA (MATCHIIT) s I=1sMVAX) :
A/ 6HPRINTToéﬁpRINTFgéHTPLOTT‘6HTPLOTF,6HCPLOTT!6HC9LOTFO !
6HPRIVEF964ENUO'J,bﬂﬁwaﬂapybH%NLOipo5H3MHIP s 6HIANTSTP
6RCHDLNDP s 6HCHLO AP 9 SHCHHE TPy SYCHBSTO95HSYN3IP, 5HSYNLPS
5MHSYNHP 6HS IGOF N 9 EHFRAOMUL 9 6H s 6HIDLMUL s 6K ’
BHFMDEMD 9 6-4PHDL " 29 IHAP » 3HL M, SHELDOCKs 2HYF S
2HND 14N hH s GHAMDEMD G EHFLATSP 46HLTIATCO,
6HCIRCUI06HINPUTFySHCCLFTF06HINSEPToéHR?DLAC96“PFDEAT/ .
29 11 1 = 1y NMAX ore
IF { NAVE = MATCH(TI) ) 11,211,411
11 CCNTINUF
I = NVAX + 1

[aNaNANANS

oaMmMmaonNne@

21 L = 1
RETURN
END ;
(
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11. Subroutine FETCH

Called by: MAIN, PDCHK
Calls: BCDFPT
Commons: CFETCH

Entries: none

Description: FETCH is the main input routine, it reads in commands as a
string of BCD characters, decodes the various elements in the input stream
and stores them in array WORD. All blank characters are discarded; dif-
ferent elements are delimited by commas. Hollerith strings are truncated
to the first six characters and stored in WORD. Numeric characters re-
presenting data are converted to real numbers by BCDPFT prior to storage.
FETCH was also adapted from CIRCUS, but several changes were made. In

particular, the program was modified to eliminate two calls to assembly
language subroutines.

QUERAITING FITCH (L Dl 340D

1

EAUAL $PLL S WRDAREN,TFET

LY

Y
INTFAER ADTET 4 3L ANK 9 CONMA,,NEADT,
COTPTTITLE ¢ RN,

[NTFGER QUTT],<UFFD, 2UTF 2,0
Cresssrsn TITLE(12)

Con N JCFETCR/ “ IFF2048) 5 UFF1LET)

STUTNSTAN L0RO(D)

BATA APAST pi L ANy CN HA ST CPT 4P LUAL Y INLS o INT 90750007

v A}

] / 1H= sl sli-isslre slrm= 9l=- s 1HO o 1HT 9 1-+ /
DATA LPARE'§IPAREN
1 / 1R 1) 7/
DATA = 7 1=F /
NWOCLS = 87
NEAn =]
: St e A ERESC[TLC INPUT SUAPRIGIL T wHICH RETIONC
- THT TMPUT SATA IN LL CaN5GRCTTve CFLLS oF THE
C ARRIAY woRe FOLLERITH IS TRUNCATTED T 6 CHAPR, .o

1 CONTINJE
LAY (Hel . J1eEND = 1.7) { SUFFLEI)sI=1eb63 )

WRITE (91050 “UFFLI)I=1020 )
v

nNo
N
A
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Y aXaXaXaXaAKaKa

41
42
62
44
045

51
52
53
54
55
56
562
561

57

DC 3 1 = 16
BUFF2(1) = 8LANK
1F { M=NCCLS ) 4091C09100

EXAMINE EACH COLUMNS REMOVE SLANKSe AND TEST FOR

SEPARATCRS.»
¥ o= M+l
TEST = B3UFF1(M)
1IF ( TEST - SLANK ) 41 94441
IF ( TEST = COMMA ) 4296942
IF { TEST = EGQUAL ) 43,6943
IF ( TEST = LPAREN ) L4 469404
IF ( TEST - RPAPIN ) 4544445
N = N+1
BUFF2(N)Y = TEST
IF ( K ) 59594

I TYPZ HAS NOT ACEN SET (K=0)s TEST CHARACTER TN

DETERMINE IF IT IS A DIGIT DR SIGN (NO DECISION)

A 4-8 PUNCH (TITLE CARD)o A DECIMAL POINMT (FLCATING

POINT NUMEER)s CR NCNE OF THESE. IN WHICH CASE A

HOLLFRITH WORD 1S ASSUMEDe IF K IS SET. IT wltL RE

WHEN AN INTEGER
1 WHEN A FLOATING POINT NUMSEFR
2> WHEN A HOLLERITH WORD,
MCOMMA = ]
IF ( TEST - NZ ) 52951951
1IF ( TEST = NINE ) Lolie"R?2
IF { TEST - PLUS ) 5344453 4
IF { TEST = MINUS ) S4et sS4 )
IF { TEST = APOST ) 55430955 ;
IF ( TEST = DECPT ) 5635874556 3
IF ( TEST - E ) 56195609561
IF ( N=1 £61 9561 94
K = 2
G0 TO & |
K = 1 P
GO TC &
‘b,"

FETCH (Continued)

L “* v Stal bR S X e

foogiia o
balai .
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FETCH (Continued)

Z * SELECT MODF DF (OMYFRSICNs FASEN UPON Ko
6 IF ( K=1 ) ToleJ
7 FUFFI = a(RFPT( 2JrfF2eN )

IF (N ) 1.48510603
WORUILL+1Y = -UFF3
Y T2 03
AERCITT (Al ST SRILAINY (ZUFFZIT)e1=196)
71 L=L+1

3

C * IF NOAT S18]S=7" W ITh TS £ [UAGE, REINITIALIZS
. AN FANTINUT. 15 TEE MCOLS C7LTT0 CONTAIATT A
< SAeA, PRACESS TeT NTXT CARR,  H4FRUICT, €8T THe
C SUMBER CF LLRDS COPVERTED TN LL AN RITHN
IF | ~NCTLSE ) 29l sl '
1. IF ( T56T = Coh ) 11slsll
11 tL = L
RETURN
C * Sy OA TITLE CARD INTC THE TITLT ARRAY.
3, CNCOTT(T2,10 1, TITLI) (eUFF1CIYGT = 1472)
50 101
C * A CARD [MAAU =S S TIN PROCESSTN,  IF THE LAST
C MANMS AN SY 5L AS NrA (MCDTIVAT Ly, RVAL
C THI NFXT CARDe DTAIRW

by AFTIR bHIC-, F-TCH

TuE RS 1S TRFORBATION
I >

oo IF

#YFFOR TD BT OO
LL RITURY, TC THE CA
COMMA ) halsb

T

DN

“—

¢ FoTCna FoLnL CONCOVITANT SESARATORS OR A NUMEER o 1TH
C VORET ThAL 16 SIAITS 200 COuULn =0T CONTIMUE. ;
106 #RITE (692700 (oUFF2011s12158) :

HRAD =,
RETURIN
STOP
FORMAT(8C0 1)
FORMAT (LAY
8 FARVAT(1X8, 4
O FORMAT (25K %
N2

T
NS
Ly
[ BN |

1)
2 FETCH CANNAT CICATE 68194k %%//)

S R e eag i e

DN
b4

-

e
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12. Subroutine FFT

Called by: TIMFCN
Calls: none
Commons : nomne
Entries: none

Description: FFT performs the direct and inverse fast Fourier transform.
This program is substantially the same FFT routine developed under Con-
tract NASA8-20054 and previously reported*. It has been modified, how-
ever, to remove the FLD function, available in FORTRAN V, which appeared
in the original version. These changes appear in the DO 10 loop, and

the version listed here contains only standard FORTRAN-1V statements.

*Walsh, J. R. and R. D. Wetherington, ¢ccs Down-Link Spectial Studies,
Technical Report No. 7, Contract NAS8-20054, Georgia Institute of Tech-
nology, 29 May 1970.

et it ares
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Program Listing:

SUBROUTINE FFT(AsIGAMSISN)
COMPLEX A(L)sTlsT2sTEMP
DOUBLE PRECISICN P12+5S09C0OsSIsCIsSNsCS
PI2 = 6¢283165307179586480v
N = 2 %% JGAM
NBIT = 36 - IGAM
N1 = N - 2
DO 30 1
IFLIP =
1X =1
00 10 J =
ioLD = IX
IX = IX / 2
IslT = 10LD - 2 * IX
10 IFLIP = 2 * IFLIP + loiT
IF (1 eLte IFLIP) GO TC 3y
1L =1 +1
[2 = IFLIP + 1
TEMP = A(12)
A(lI2) = A(I])
A(Il) = TEMP
30 CONTINUE
DO 80 I = 1,IGAM
NEL = 2%% ]
NEL2 NEL / 2
NSET N 7 NEL
SI = DSIN(PIZ/NEL)
Cl = DCOS(PIZ/NEL)
00 8U J = 1sNSET

1oN1

(@)

1»IGAM
I

Hu

AR 2. 5.

INCR = (J = 1 ) * NEL

S0 = J0.,uD0

COoO = 140D0

DO 80 II = 1sNELZ

J1 = I1 + INCR o
J2 = J1l + NEL2 S
Tl = A(J1) A
T2 = A(J2) * CMPLX(CO» ISN * 50) Lo

AlJl) = T1 + T2 ‘
Aldeg) = T1 - T2

SN = 50 * CI + Cu * Sl '
Cs = CO # CI - SO * 51
€0 = CS

80 SO = SN

IF (ISN «GTe 0) GO TO 12V
00 110 I = 1N
110 AtI) = A(I)/N
120 CONTINUVE
RETURN
eND
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13. Subroutine FILTER

Called by: BWBNDP, CHBNDP
Calls: FRQFCN
Commons: blank, CFILT

Entries: none

Description: FILTER operates on the components in the frequency array
to complete the computations for any type of Butterworth or Tchebysheff
filter. Given the poles, Sp, determined by BWBNDP or CHBNDP, FILTER
calculates the transfer function .
H(E) = TS E T T, 5y
p p )&y g) +or n

where n is the filter order (number of poles) and fp is a normalized
complex frequency defined by

r £ - £

: , low pass band pass filters,

cutoff

jfcutoff

’
L f fo

All spectral lines subject to more than 300 dB rejection are set to zero.

high pass or band stop filters.

Program Listing:

SUBROUTINE FILTER(A)

COMPLEX A(1)95(20) DL

COMMON NoIGAMSDELF oDELT
COMMON/CFILT/ FUsFCOFFsNRsAMPFFLG9S
LOGICAL FFLG

TEST = EXP{35. / NR)

CALL FRQFCN(A)

00 30 1 = 1sN

I1 =1 -1 - N/2

F = [1 * DELF

FP = SIGN(lesF) * (ASS(F) = FO) / FCUFF ;
IF (FFLG) GO TO 15 .
IF (ABS(FP) oLTe let-16) GO TO &5 \
FP = -1¢/FP

15 IF (ABS(FP) «GTe TcST) GO TO 25
2 = CMPLX(UVesFP)

HD = CMPLX(1e900) {

D0 20 K = 1sNR g
20 HD = HD * (Z - S(K)) z

A(I) = AMP * A(I) / HD

GO TO 30 %
25 A(I) = CMPLX(OesQe) :
3u CONTINUE

RETURN

END
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14. Subroutine FLATSP

; Called by: FROCES
' Calls: ADJN
Commens: blank, CDATA, CDOM

Fntries: none

Description: FLATSP loads the frequency array with components of uniform
ampiitude thus simulating the spectrum of an impulse function. It is
useful in examing the transfer functions of filters in detail.

Program Listing:

SUBROUTINE FLATSP(A)
COMPLEX A!l)
COMMON Ny IGAMDELFSCELT sPD
COMMON /CDATA/ JCTRICATALZUV)
COMMCN /CDOM/ DOMrLG
LOGICAL DOMFLOG
AMP = DATA(JCTR)
DELF = DATA(JCTR+1)
PD = le/DELF
N = DATA(JCTR+2)
CALL ADJN
DO 1u I = 1N

10 A(l) = CMPLX(AMPs0s)
DOMFLG = oFALSES
RETURN
END
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15. Subroutine FMDEMO

Called by: PROCES

Calls: FRQFCN, TIMFCN
Commons: blank, CDATA, CDOM
Entries: mnone

Description: FMDEMO simulates the action of an FM demodulator. Operat-
ing on the frequency spectrum, the negative frequency components are all
set to zero to give a spectrum characteristic of a complex time function.
The positive frequency components are then shifted down in the data array
by an amount corresponding to the center frequency of the demodulator,
thus positioning the spectrua at baseband. Transforming to the time do-
main and taking the complex logarithm of each time sample produces an
imaginary part equal to the phase angle (modulo 2m). A tracking loop
corrects for excursions beyond the * m range thus reconstructing the
phase deviation due to the angle modulation.

. i B

sl o BRI Loy
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Program Listing:

SUBROUTINE FMDEMO(A)
COMMON N IGAMLDELF9DELT sPDsCARRFQ
COMMON/CDATA/ JCTRIDATA(2UV)
COMPLEX A(1l)
PI2 = 6428321853
J = Ue
N2 = N /2
FO = WORD(JCTR)
CALL FRQFCN(A)
C * * REMOVE THE NEGATIVE FREQUENCY COMPONENTS
DO 10 I = 1sN2
10 A(LI) = (Ues Ue)
C * * MOVE THE MODULATEu CARRIER TC ZERO FREQUENCY
IFU = FU / DELF + 5
NSTART = N2 + 1
NSTOP1 = N - IFC + 1
DO 11 1 = NSTARTsN
11 A(I - IFOY = A(I)
DO 12 I = NSTOP1lsN
1z A(I} = (JUes V)
C % # RECOVER THE ANGLE INFCRMATION
CALL TIMFCNL{A)
All)y = CLOG(A(L))
THETAZ2 = AIMAG(ALLl))
DO 2u I = 2N

A(I) = CLOGIA(I)
THETAL = AIMAG(ALI)) 5
THETAT = THETAl * THETA2 ;
: IF(THETAT oLEe Ge) GC TO 21
] GO TO 29
§ 21 IF(ADS(THETALl) oLEe 1le57) GO TO 29
g IF(THETAZ «GEs Ue) GO TO 22
J=J -1
‘ GO TO 29 .
: 22 J = J + 1 Sl
: 29 THETA2 = THETAL SN
i TEMP = THETAL + Pl2 * J N
] 20 A(l) = CMPLXI(TEMPs uva) i

ACl) CMPLX{AIMAG(ALL) )y Ve ‘
C * # ZERO THE D-C COMPCNENT
CALL FRQFCN(A)
3 A(NZ + 1) = CMPLX(Uey Ue)
h RETURN
END

wE
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16. Subroutine FRQMUL

Called by: PROCES
Calls: TIMFCN
Commons: blank

Entries: none

Description: FRQMUL provides the action of a biased half-wave rectifier;
operating on the time function, it passes only those time samples whose
amplitude exceed a fixed threshold (currently set at 0.5 volts). The
resulting signal is rich in harmonics of the carrier frequency. Particu-
lar multiples can be isolated by filtering. Note that the output of

FRQMUL is not bandlimited and the user should be aware that aliasing may
be a problem.

Program Listing:

SUBROUTINE FRQMUL(A)

DIMENSION A(1l)

COMMON Ns IGAM

CALL TIMFCN(A)

THRES = o5

NDBL = 2 # N - 1

DO 10U I = lsNDolLs2

A(1) = A(l) - THRES

ALl + 1) = Qe

IF (A(I) oLTe Oe) ALI) = Qo
100 CONTINUE

RETURN

ENO
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17. Subroutine IDLMUL

Called by: PROCES
Calls: TIMFCN
Commons: blank, CDATA, CFREQ

Entries: none

Description: IDLMUL is an ideal multiplier which operates in the time

domain and generates the product of the signal being processed and a
local oscillator signal.

Program Listing:

SUBROUTINE 10LMJULTA)
COMMON NsIGAMDELFSLELT
COMMON/CDATA/ JCTKsDATA(ZuL)
COMMON/CFREQ/ NFRsFKI(6)
COMPLEX A(l)

AMPLO = DATA(JCTR)

FLO = DATA(JCTR + 1)
CALL TIMFCN(A)

PI12 = 642831853

wLO = P12 * FLO

DO 1 I = 1N

IT=1-1
T = Il * DeLT
1 A(I) = A(1) * AMPLO * SIN(WLC * T)
RETURN
END
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18. Subroutine INPFOR

Called by: MAIN
Calls: ELFIND
Commons: CWORD
Entries: none

Description: INPFOR is a service routine that will list the input format
and define the parameters of any block input command. It is added as a
convenience to the remote terminal user; it has no affect on the circuit
or signal being processed.

Program Listing:

SUBROUTINE INPFOR
COMMON /CWURD/ wOKRD(1v)
LOGICAL FLOG
FLG = «TRULE
CALL ELFIND(WORO(Z2)sL)
GG TO | 1l ls 1o 1l 1, los 1l 1y s 1lU»
11s 12s 13y 1l4s 15y 16 17s 18s 199 20>
21 1y, 23, le 25y 26 217s 2B 1l 1l
1y Y ly 349 35 1y 1o, ls 1y 1
1y ly 50Ul L
1 wikITEe(6s7C001) wURLI(Z)
GO TO 999
2u WRITE(697020V)
WRITE(6s7104)
IF (FLG) GC TO 999
35 WRITE(657035)
WRITE(627111) !
IF (FLG) GO TO 997 {
9 WRITE(6+70u9) i
WRITE(6s7101)
IF (FLG) GO TO 999
1u WRITE(H69TULV)
WRITE(69T1V2)
IF (FLG) GO TO 99Y
11 wWRITE(6s7011)
ARITE(69TLV2)
IF (FLG) GG TO 9635
12 wRITE(647Cl2)
ARITE(6»7101)
IF (FLG) GO TO 999
13 WRITE(697C13)
WRITE(69T7101)
WwRITE(O69T1VU3)
[F (FLG) GO TO 999

cHr~ar
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INPFOR (Continued)

14 WRITZ(6,7714)
WRITE(6.71 2D
WRITE (6,71 2)

[F (FLEY 52 T2 899

18 “RITZ(65,771%)
ARITE(H471.2)
WRITI(S6,7Y.2)

[Z (FL>) GO T2 S99

15 wRITA(He7 16}
HRITT (6971000
CRITI(65.71.72)
1F (FL) =0 T2 939

17 O sRITE (A7)
SRITHFHs7YT 1)

IF (FLC)Y ~C 1™ 2939

1R WRITT (5470182
kITE(He7172)

TF O (FL%) ~T TD 36

13 VRITELASTOLG
WRITI(4,71 &
Ie (FL>)Y &0

25 nrlTH (547,25
SRITELAS71.7)

L
Ve
N

Y
~

)
}
T

1€ (FLAY °0 TR 999 .
34 ARITE(& 47734 g
CRITZ (6971 .7) :

1= (fL3)y =2 T2 999
26 XRITE(ARSTTLE)
SRITZI(S,717T)

I[F (FL5) €T TS 599

: 21 WRITF(5,7:21)
§ YRITE(ALTL.E)
! IF (FL3) 50 T2 399
: 22 ARITU(RNTR22)

RITE(H,71 &)
IF (FLS) =0 T2 999
27 FRITE(5,7°27)
[F (FLG) £2 T2 269
‘ 28 RITE(A,7°29)
; CRITE (5,711
: S0 TS 999
1-LL) 57 17

AN
+1—
)

s [F (40RTUD2) oF e
SRITE (59 7112) (ORI(D) 3
GO TS 539 !
1. FLG E e FALST o
30T 2.
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INPFOR (Continued)

7000 FURMAT ()
7001 FORMAT(IX AEs~ IS NOT AN INPUT COMMAND=-)
7009 FORMAT (/- RWENDPs Fly Sy NR-)
7010 FORMAT (/- BWLOWP) FCy MNR=)
7011 FORMAT (/- BVYHIP, FCo» NR=-)
7012 FORMAT (/- EBWESTPs Fly 24y NR-)
7013 FORVAT (/- CH3NDP, F.y iua's Ny EPSOB-)
7016 FORMAT (/- CHLOWP, FCy NKy EPSD3-)
701% FORMAT (/- CHHIP,s FCo NRy EPSORE-)
7016 FORMAT (/= CHBSTPs Foy W NRy EPSDB=-)
7017 FORMAT (/- SYNBP Fle Zws NR=)
7018 FORMAT (/- SYNLP» FCs MNR=)
7019 FORMAT (/- SYNHDP, FCye NR=)
7323 FORMAT (/- SIGGENs Fo FVMOD, Aty PMy FYy A=)
7521 FORMAT (/- FRQMUL-)
7022 FORMAT (/- IDLVYULS ANy FLO=)
71023 FORMAT (/- FMDEMOD, FO=)
7526 FORMAT(/- PHOEWOS Fo=)
7,27 FORMAT( /- ANMP, OGAIN=/=- CAIN = VOLTAGE GAIN, DB~
A - (6 N2 = FACTOR OF 21-)
7028 FORMAT (/- LIVs CL» CHs GL-)
7234 FORMAT(/- AMDEVCs Fu=)
7225 FORMAT (/- FLATSP, AMPy DFELFy N=-)
71vl FORMAT(- Fo = CENTER FREZ, HZ-/~- Bw = BAMDWIDTH, HZ-/

A - NR = NUM3ER OF SECTICNS-)
7102 FORMAT (- FC = CORNFR FREL, HZ=/= NR = NUMBFR OF SECTIONS-)
7103 FORMAT (- EPSD3 = CHIBYSHEV RIPPLE FACTCR,y Do-)
7174 FORMAT (- FO = CZARRIZR FREG, HZ -/

A - FMOD = MODULATION FREQs HZ-/

B - AM = PFRCENTAGFE AVPLITUDE MODULATION=/

C - PM = PEAK PHASE DEVIATION, RLDIANS=/

) - FM = PEAK FREGQUENCY ODEVIATION, HZ-/

=3

- A = PEAX AMPLITUDEs VCLTS-)
710% FORVAT (= (NC PARAMETERS)-)
7106 FORMAT(- ALC = PEAK AMPL ITUDE CF LO SIGNALSs VCLTS-/
A - FLO = FREQ OF LJOs HZ-)
7107 FCRMAT (- FOU CFNTER FREG, HZ-)
7110 FORMAT (- CL LOW CLIPPIRG LEVELs VOLTS=/
A - CH H1GH CLIPPING LEVFL, VCLTS=/
B - GL LIMITER GAINs VOLTS/VCLTS-)
7111 FORMAT (= AMP = AMPLITUDE OF SPECTRAL LINES-/
A - NDELF = FREQ SEPARATICM OF LINESy HZ-/
B - N = ARRAY S12%-)
7112 FORMAT (/= INPFCR CANNCT DECODE =9A6/)
599 wWRITE(6+9700C)
RETURN
END

won ouon
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19. Subroutine LFOLD

Called by: TIMFCN
Calls: none
Commons: none

Entries: none

Description: LFOLD provides the action of folding and unfolding the fre-
quency spectrum to meet the requirements of the FFT. The frequency do-

main representation is always ordered by frequency except when entering
or leaving the FFT.

Program Listing:

SUBROUTINE LFOLD (AsN)
COMPLEX A (1)sT1
N2=N/2 ;
DO 10 I=1,N2 ]
11=14N2
Tl=A (1)

A (1)=A (ID)

16 A (11)=T1
RETURN
END

>ra s ie g P ew

S
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20. Subroutine LIM

Called by: PROCES
Calls: TIMFCN

Commons: blank, CDATA

Entries: none

Description: LIM operates on the time function to produce ideal limit-
ing. Signal excursions are clipped to specified upper and lower limit
levels. Note that the output of LIM is not bandlimited and the user
should be aware that aliasing may be a problem.

Program Listing:

SUBROUTINE LIM(A)

COMMON N

COMMON/CDATA/ JCTRSDATA(2UU)
CLEVL = DATA(JCTR)

CLEVH = DATA(JCTR+1)

GL = DATA(JCTR+2)

COMPLEX A{(1l)

CALL TIMFCN(A) ,
DO 1 I = 1N '
A(l) = GL*A(I)

IF (REAL{A(I)) etce CLEVL) ACD) CMPLX{CLEVLsUW)

1 IF (REAL(A(I)) eGte CLEVH) A(I) = CMPLX(CLEVHs0s) i
RETURN

END

¥
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21. Subroutine LSTCOM

Called by: MAIN
Calls: none
Commons: CWORD

Entries: none

Description: LSTCOM is a service routine that will list all of the valid
commands that are recognized by FATCAT. It is included as an aid to the
remote terminal user; calling LSTCOM has no affect on the circuit or sig-
nal being processed.

Program Listing:

S RRPAUITINT LETCOV
CrtienN fCWIRD Y, IR )
SRITE(G. 777 1)

I= (wO3DL2) e- e 6TQC"\,“\T;C) A TN an
15 (#337(2) o7Qe 3=\S127) 50 T3 7. ;
15 (NCRT(2) o770e 6HLISTCTY GO T7 20 j

I =7
IF (w0oRI(2) of0e 23ALLY -7 T2 20
I =
[8 (#2R™(2) 206 HFOURCL) LT T2 20
IF (y2R25(2) e 36 S5A4TILTR Y G777 23
IF (WORD(2) eSde HAZTIVCOM) N T7 40
15 (WORD(2) o 5e &4-VISCY 52 T2 327

J

ARITELH97727) v 0ORD(2)

G3 TA 999
- 20 RITEL6s7" 2)
g IF (1 «¢Ge ) GO T7 995
; 3, wRITE(647 . 2)
IF (1 «5Ge 2) G2 TP 359 ]
4, “RITE(67 . 4) o,
[F (1 536 -) GO T2 399 e
§, WRITE(6s7. 3) | A Y
IF (1 «¢%e ) 50 T2 969 .
. £, SRITE(4477 '5) 3
; IE (1 oF7e 0) 06O T2 999

70 NRITE(647707)
Go 1O 359
2 ARITE(6,7773)
353 RETURN
7001 FORMAT (/15X s=FATCAT TOVVAND SUVTARY=)
7002 FORMAT(/1 Xe=50 1FCTA=//= 5153EN=33Xs=SIGHAL CENIRATLR -/
A = FLATGP=pSX,=FLAT SPECTRLN ZENIRAT =)
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LSTCOM (Continued)

7003 FORMAT(/s1uXs=FILTERS=//= BUTTERWORTH==/

- 3WENDP~-35Xs-BAND PASS-/
BWLOWP=95X 9-LOW PASS-/
RWHIP—96Xy=-HICH PAES~/
BWRSTP=95X¢-3AND STOP=-/

- TCHEBYSHEFF==/

CHBNDP—=95X 9=3AND PASS-/
CHLOWP=95X 9=LCW PASS-/
CHHIP=96Xy=HIGH PASS-/
CHRSTP-95X 9=3AND STCP=-/

-~ SYNCHRONOUSLY TUNED-=/
SYNBP-96Xs=-BAND PASS-/
SYNLP=-46Xs=-L0O% PASS=/

4 = SYNHP=36Xs=HIGH PASS-)

7006 FORVAT (/91 0Xs=DEMODULATORS==//

[

~

~

FAC—IOTMMOUNDP
'

—

A =~ FMDEMO=35X=F¥ DEMODULATOR-/
K o= AMDEMO=~435X ¢~A" CEVYCOULATOR=/
C =~ PHADEMO=-,45X,-PrASH NEMADULATCOR=-)

7005 FORMAT(/913iXs=- MISCELLANECUS =//>»

- FQQ“UL“’SXQ—FQEQUE”CY MULTIPLIER=/

- IDLMUL=95Xs=IDEAL MULTIPLIER-/

- AMP-48Xs—-AMPLIFIER-/

- LIM=y8Xs-LIMITER-)

7006 FORMAT (/913X 9s=CONTROL COMMANDS =77/

— PRINTT-95X9s=PRINT TIME FUNCTICN-/

— PRINTF=-95Xs=PRINT FREAUENCY FUNCTION-/

- TPLOTT-95Xs-PRINTER PLOT CF TIME FUNCTICN-/

- TPLOTF=45Xs=PRINTER PLOCT CF FREQUENCY FUNCTION=/

CPLOTT—-35X s=REMOTE PLCOT CF TIME FUNCTION-/ ;

- CPLNTF=95Xs-REMOTE PLOT OF FREQUENCY FUNCTION=/ H

- 3LOCK=-96X9s-PROCESS SIGNAL TO OUTPUT OF BLCCK SPECIFIEC-/ ?
{

m o N >

— PRIMEF=5X,-L1ST PRIME FACTORS OF ALL SOURCE FREQUENCIES=/
- END OF JOE=-s1Xs=TERMINATES RUN-/
INPUT FORMATS sBLOCKMNAME LIST INPUTS FOR NAMED BLOCK-/)
7007 FORMAT (/9s4Xs—-SPECIAL COMMANDS TCQ SPECIFY ARRAY SI1ZE=-//
- YES—+8X9s~LISTED ARRAY SIZE ACCEPTABLE-/
- NO-39Xs-LISTED ARRAY SIZE NOT ACCEPTAFLE-/
= N—3s10X+=SET ARRAY SIZ2E TO SPECIFIER VALUE-/)
7058 FORMAT(/s- LIST COMMANDS- COMMANDS ARE LISTED BY GIVING=,

A - TWO ALPHANUMERIC=-/- wORC SETS SEPARATED 3Y A COMMA, -
-THE FIRST 1S -9 lH=y=LIST COMMAND y=9lH=/ 9~ POSSIBLE=-) ;
- SECOND WORDS AND THE RESULTING QUTPUTS ARE==/ i
= ALL-912Xs~LIST ENTIRE CCMMAND SET=/ ‘
— SOURCES=-+8Xs-LIST CCMMANDS FOR SOURCE BLOCKS-=/
FILTERS=+8Xs~-L1ST COVVANDS FOR FILTERS-/
— DEMONULATORS=93Xe~L1ST COMMANDS FOR DEMODULATORS=/ ;
= MISC=911Xs=LIST OTHER ELCOCK COMMANDS (AMP LI $ETCy=/ ‘
— CONTROL=+8Xy-LIST CONTRCL COMMANDS=/
NSTZE=s12Xs=LIST COMMANDS CONTRCLLING ARRAY H12E=7
- LIST COMMANDS-+2Xs=L15T THE A30VE INFORVATION=/)
7220 FORMAT (/- LSTCO¥ CANNCT DECOCE -»A6/)

END

C=IOMmmMmonNd >
)

N a >

AC—1OOMMONw
]

s § e knmd
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22. Subroutine PDCHK

Called by: MAIN

Calls: PERIOD, FETCH, ELFIND, ADJN, PRTFAC
Commons: blank, CWORD, CFLGS

Entries: none

Description: PDCHK is used in checking the period of the data set and
ascertaining that the Nyquist criterion is met. This subroutine is
largely executive in nature; the major calculations are carred out by
subroutine PERIOD. PDCHK is called when processing is called for, pro-
vided a new source frequency has been added since the last processing
call. On its initial call, it determines the period of the data set,
and the associated Af, At, and array size. On any subsequent calls
(which happen only if a new source frequency has been introduced), it
checks to see if all frequencies are still periodic on the established
period. If they are, processing continues; if not, an error message
is written and the run terminated.

Program Listing:

SUERAUTING POCHL
A [nYed

COMVAN My 15A7 DT _F4CLT 4P

Covvear JCemRR Y/ RS )
CoAVMON JCFLCS Y/ POFLGARFLEG -
LOSTCAL PORLI $ARFLG 3
MELG = 7 ,
SSET =N

CALL PERIC

[F(ARFLGY OC TO 5.

SSET =N

RITC (6T . ) DeCtLF
1. “RITE (677 1) NeITAVZODTLT

CALL FETCH(rCRT L A7) .
CALL SLFIMD{wrRN,,LTYR) \
IFILTYP oFGe 335y 57 T7 A

IF(LTYP «F3e¢ 1) 57 17
IF(LTYP oFTe 222) G717
IFILTY® o706 &) STOP
ARITF (69T 2)
GoH T 20

& w0
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PDCHK (Continued)

3y WRITE(6+70053)
GO 1O 20
42 N = WORD(2)
NFLC = =
CALL ADJN
[FIN oGEe NSFT) 62 TO 10
NFLG = 1
GO TO 930
55 IF(NSET «GEe N) GC TT 990
ARITE(H6.700%) N
CALL PRTFAC
HRITE(6TDO0UE)
*STOP
550 TF(NFLG «%3e M) GO TO 969
WRITZ(6+7704) NHNSET
WRITF(6477.3)
GO TO 22
592 N = NSET
3355 PDFLG
ARFLG
RETURN
7550 FORMAT(/s- PERIOD = =-91PE10e3y- SCCONDSs—9=DELTA=F = —»
A E15e3)
7501 FORMAT (= N = —9l69—s IGAM = —9129=- 5 DELTA-T = -
1 s1PE10e43/~ 1S THIS SATISFACTORY=-)
7002 FORMAT (- INPUT VEANINGLESS * ENTER YESs NOs OR I'sVALUE=)
7003 FORMAT (= FNTER Ny VALUE-)
7004 FORMAT(= N = =-y169- UNACCFPTARLF *#* N VUST-
1 - BE-ylbs- TO MEET NYGQUIST CRITFRION-)
7005 FORMAT (- SCURCE FREQUENCIES REQUIRE THE ARRAY SIZE - {
1 -T0 BE -»19//- PRIME FACTORS ARE=-7/) ]
7006 FORMAT(//- RUN IS BEING TERMINATED=)
ENC

«FALSF .
.TRU;.
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23, Subroutine PERIOD

Called by: PDCHK
Calis: ADIJN

Commons : blank, CFREQ
Entries: PRTFAC

Description: PERIOD factors each source frequency into prime factors
and constructs the highest common factor to determine Af and the asso-
ciated smallest period on which all of the frequencies are periodic.
From the period and the highest frequency present, the number of sam-
ples to meet the Nyquist criterion is computed; this number is adjusted
upward (if necessary) to a power of 2 by ADJN.

Entr’ PRTFAC will produce a listing of the prime factors of the
source frequencies.

Program Listing:

SUuETUTINT STRIDD
Cow ok PERTAL EXANINIS NFR FEILUSNITTS (VEX A) TN CAREAV N
D% o FLCTARS TACH INTL PRIV FACTOREGCONSTRUCTC NELE 25 T
¢ s K GREATTAT (0 4USN FACTORT CTUPUTES ARPAV SIZE N AMD 17
Sk % TO SATIGEY T=r ANyy IRT CRITFRICN ANY FFT ORFGIRETEATE X
C % % COVMPUTES Ted TOTAL PERICT PD PN SACPLUING BERILT TFLT H
CAMMAM N g 1A 3 TULF LT 90D S
ChrenNgCERE L NFRaFR(6) ﬁ
TV STON TAL3UA0 ) ToUT(30)s TCTG) ]
LAGTUAL FLan
FLAG = oTRF.
6H TS
SNTRY PRTFAC
FLAt- = oFALS T o E}\nf
.

o~
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[@P]

60
Su
1o

101

130
* »
135
140

PERIOD (Continued)

VAXFAC = O

50 100 I = 1eNFR

CONVERT ITH FREG TO INTEGFR

IFR = FR{I)

CLEAR ITH CCL OF FACTOR ARRAY TA.
DO 10 J = 1,430

Ta(Jdsely = C

J =1

ITEST = 2

INDEL = 1

FACTCR ITH FREQ INTD PRIME FACTORS.,
GC TC 40

ITEST = ITEST + IDFL

IDEL = 2

IF(IFR «SQe 1) 50 T3 9V

ALIV = SQRT(IFR)

IF(ITEST «CTe ALIMY GO TO 60

IF(MOD(IFRSITEST) oNFEe U) GC TC 30
TAtJsl) = ITEST

J=J+1

I€(J «GEe 370) 6O TD 990

[FR = IFR / ITEST

CO TO 5¢C

IA(JsI) = IFR

IF (U «GTe MAXFAC) MAXFAC = J
CONTINUEL

IF (FLAG) GO TO 1.2

LIM = VMAXFAC + 1

DN 191 1 = 1sLIM

WRITE(69711) T4(IA(14J)sJ21sNFR)
GO TO 999

ALL FRFAS FACTORZN. PRIWF FACTCRS IN FIRSI NFR COLS

% OF l1Ae FIND COMMCN FACTORS AND PLACS IN IQUT.

IoCT = 1
DO 110 1 = 1eNFR
ICT(1)Y =
IMAX = ©
DC 130 I = 1sNFR

IF(IA(Ls]) oGTe IMAX) IMAX = 1A(1»])

ADVANCE ALL ARRAY POINTERS TO A FACTOR oGt e [MAXe
DO 200 I = 1sNFR

J = ICTtD

IF(TIA(Js]) oEQe Q) 5N TO 400

IF(1A(Js]) «GFe IMAX) GO TO 207

ICTtlY = J + 1

GC TO 140

CONTINUE
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FERIOD (Continued)

C % ox [F ALL POILTHT FAITORS ASE NDT IMAX, ADVANMCE IVAX.
Jl. 02 2201 =
J o= 1CT()
IFCTA(Js])

27 . CONTINUE
¢ % o4 ALL FACTARS AT [MAX, TRANGFTE T INLT, ADVANCE ALL

TanrF =

NTe 17AXY) 20 TE 3ul

F . w DorTEDA ANT ATED, AND RCTEST FOR (0 RON FACTOR,
IARTEIDCTY = 1hax
[T = 12T + 1
T 270 1= 1,0F3
o3 1Ty = 17Ty + 1
HY T 2L
[Hax = TA(Jy D)
ST TN 133
woo 13CT = 12CT =3
CTLE = 1
- 1S NS mIZTORIOIN INCTe CHLF = 1. ~THORY IS DELF =
" T ERNUOOT ONE all PRIVES DN TT T
TFLI2CT o7 % y 30T 4lf
S a1l 1= 1,10
L17 LILE = TELEsIAUT(D
413 9 = 1, /DHLF
FUMAX = T,
D3 L2 1 = 1aNFF
42 . IF(=RUIDY «’Te FAMAX) FVAX = FROU00D)
Co % SAVPLING PERICD To EET NYL . Tlol CRIIVERION
Moo= 2e % DD FUTAX 4+ 65
£ % % ARRAY SI1ZT ANT 44D PIRIOD {(DILTY T2 SATISFY FFTo

CALL 3DJY
6o 10 839
390 SRITAU(6s7° ) 1
5THP
7, EORVAT(//1F 9=F7I3USNCY =3[24=nA¢ YORZ THAN 29 FACTA2S-/)

; 711 FORVAT(1A s&(1Xs14))
: 433 RETURN
F N o

o

' i
b
.(..
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24 . Subroutine PHDEMO

Called by: PROCES
Calls: FRQFCN, TIMFCN
Commons: blank, CDATA
Zntries: none

Description: PHDEMO simulates the action of an ideal phase demodulator.
Operating on the frequency spectrum, the negative frequency components

are all set to zero to give a spectrum characteristic of a complex time
function. The positive frequency components are then shifted down in

the data array by an amount corresponding to the center frequency of the
demodulator, thus positioning the spectrum at baseband. Transforming

to the time domain and taking the complex logarithm of each time sample
produces an imaginary part equal to the phase angle (modulo 2m). A track-
ing loop corrects for excursions beyong the * 11 range thus reconstruct-
ing the phase deviation due to the angle modulation.
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Program Listing:

lu
L o* *

11

12
C * *

22
29

2v

SUBROUTINE PHDEMO(A)

COMMON N IGAVisDELF #DELT sPOsCARRFQ
COMMON/CDATA/ JCTRHIDATA(2UV)
COMPLEX A(1l)

P12 = 642831653

J = Qe
N2 = N /2
FO = WORD(JCTR)

CALL FRQFCN(A)

REMOVE THE NEGATIVE FReuwUcNCY COMPONENTS

DO 1u I = 1leNZ

A(I) = (Jes Le)

MOVE THE MCDULATcu CARRIER TG ZERO FREQUENCY
IFU = Fu /7 DELF + >

NSTART = N2 + 1

NSTOP1 = N = IFC + 1

DO 11 1 = NSTARTN

A(l = 1FO)Y = A(])

PO 12 1 = NSTOP1sN

A(I) = (Ues Ue)

RECUOVER THE ANGLE INFORMATION

CALL TIMFCN(UA)

All) = CLOG(AL(L))

THETA2 = AIMAG(LALL))

DO 2u I = 2N

A(l) = CLOG(AC(]LY))

THETALl = AIMAG(A(I))

THETAT = THETA]l * THETAZ

IFI(THETAT oLEe 0Oe) GO TO 21 1
GO O 29

IF(ASS(THETAL) eLte 1e57) GO TU 29
IF(THETA2 «Gte Je) GO TGO 22

J=J -1
GO TO 29
J = J + 1

THETAZ = THETAL

TeMP = THETAL + Pl2 * J
Al = CMPLXITEMPY v
A1) = CMPLX(AIMAG(AIL) )y ve)

2ERO THE D=C COMPONENT
CALL FRQFCN(A)

A(N2 + 1) = (GCes Do)
RETURN i
END §
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25. Subroutine PROCES

Called by: MAIN

Calls: SIGGEN, AMP, BWBNDP, BWLOWP
CHBSTP, SYNBP, SYNLP, SYNHP
AMDEMO, FLATSP.

Commons: none

Entries: none

, BWHIP, BWBSTP, CHBNDP, CHLOWP, CHHIP,
. FRQMUL, IDLMUL, LIM, FMDEMO, PHDEMO,

Description: PROCES is simply a switching routine that calls the proper
block model for processing the signal.

164
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Program Listing:

SUBROUTINE FPROCES(IsA)
COMPLEX A(1)
GO TO ( 1s 2s 39 s bHs 6 Tr» By 99 10
1 11s 12 139 l&s 15 16s 17+ 18s 19y 20
2 21y 229 23)0]
1 CALL SIGGEN(A)
RETURN
2 CALL AMP(A)
RETURN
3 CALL BWSNDP(A)
RETURN
4 CALL 3wLOWP(A)
RETJRN
5 CALL 3wHIP(A)
RETURN
6 CALL BwBSTP(A)
RETJRN
7 CALL CHoNDPI(A)
Rz TURN
8 CALL CHLOWP(A)
RETURN
9 CALL CHHIP(A)
RETURN
1v CALL CHBSTP(A)
RETURN
11 CALL SYNSP(A)
ReTURN
12 CALL SYNLP(A)
RETURN
13 CALL SYNHP(A)

¥
: RETURN
14 CALL FRGMUL(A)

Xl Aa

o,

15 RETURN

16 CALL IDLMUL(A)
RETURN

17 CALL LIM(A)

18 RETURN

19 CALL FMDcMULA)
RETURN

20 CALL PRDEMUI(A)

21 RETURN

22 CALL AMDEMO(A) ,
RETURN

23 CALL FLATSP(A)
RETURN ‘o
END '

R TSN
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26. Subroutine SCALE

Called by: CPLOTF, TTFP
Calls: none
Commons: none

Entries: none

Description: SCALE establishes the (floating) ordinate scaling for spec-
trum plotter routines.

Program Listing:

SUBROUTINE SCALLE (UBMAX sMAXSCL)
C % % % TrlS SUbRCUTINE ESTAoLISHES ORDINATE SCALING FOK
C THE REMOTE SPECTRUM PLOTTER
IF(UOMAX.LC.U.) Go TC 1v
MAXSCL = O
1 MAXSCL = MAXSCL + 1U
DIFF = DwuMAX - MAXSCL
[FIOIFFeGTaGe) GO TO 1
GO TO 999
10 MAXSCL = 0
11 MAXSCL = MAXSCL - 1V
DIFF = (UBMAX = MAXSCL)
IF(DIFFeLEeCe) 0O TO 11
MAXSCL = MAXSCL + 1v
399 RETURN '
END

TRy
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27. Subroutine SIGGEN

Called by: PROCES
Calls: none

Commons: blank, CDATA, CDOM

Entries: none

Description: SIGGEN generates and stores in the data array samples of
the time function for the specified carrier frequency, modulation fre-
quency, modulation types, and modulation indices. Modulation types in-
clude AM, FM, and PM; AM can be used in combination with either of the
other two. At least one of the indices for FM and PM must be zero.
SIGGEN flags the data array as containing a time function.

Program Listing:

RDUTINT STSCGINEY)
WANANCDATAY UTTRGTATALZ )
N AN JODAN S DO LT

DN g TCAY LR . LT
SVPLIX ACD)

SEICAL oVELS

MELG «TRUF o

= DATA(JOTE)

-

¢

b}

J

)

-
“< 7
P
~

AR TERNP I sullie Nan TR BN BNV A

Y

0 = TATALJCTF + 1)
PCTAY = DATA(JCTS + 2)

PLPRIY = DATA(JCTZ + 2) :
PCFRNY = NATA(JCTR + &)
21246 = DATAMIJCTR + 3)

Pl2 = Hedb3lE272
NyC = P12 ¥ FC
s = D12 * FUTD
STTAAN = BCTA /1L
e 1 of%De PKFRDV 40 Ts e 1) GO TH 250
o 1

y T Co

[F(SKOHNY o T
[FIPLKFRYV 5T

A1 T = TN P
It =1 -2 0
T = 11 * DzLT \K
CAFF = AMDS * [ le + CFTAAM * OO0 % T))
ANG T 8T % T 4 PXPHADY ¥ COSUm % T

1 A1) = CHPLXCICTLE * SIMEANG) e o)
ST T 955

L., DETAFN = PYETCYV 4 FUOT

T2 1 = 1™
1t =1 =1
T = 11 * 2ILT ’
CnEE = AVPS » ( le + FFTAAVM » C25(% % 1))
ANG = W€ * T + P ETAFS % SLite s » T

2 A(T) = CUPLX(LCCIF * SINEANGN) e )

37 10 999
3 S3ITI6e17])
1«1 F':Ql,'i?(l" ’-TIVE ;CV FrRRO< = ":TF" FR 3 Pr “:-) I.‘VIC-“-’

" - &prliTle7 =) f
Jil RETURN |

- \‘-\
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28, Subroutine STRDTA

Called by: MAIN
Calls: none
Commons: CDATA, CFREQ, CFLGS, CCIRKT, CWORD

Description: STRDTA stores the input parameters of all circuit blocks
in permanent storage. The incoming data is removed from array WORD
(placed there by FETCH) and gtored in the basic data storage array DATA.
Storage is dynamic, with the data location specified by JCTR. The type
of block and the associated value of JCTR is stored external to this
routine in the two column array ITYP.

Program Listing:

SUBROUTINE STRDTA(KLsK29K3)
COMMON/CDATA/ JCTRsLCATA(20V)
COMMON/CFREGQ/ NFRsFRI(6)

COMMON /CFLGS/ POFLGARFLO
COMMON /CCIRKT/ NolKsITYP(30,2)
COMMON /CWORD/ WOKRD(1C)

LOGICAL PDFLG

JCTR = ITYPINBLK + 1+2)

DO 10 I = 1Kl

DATA(JCTR + [ =1) = WORD(I + 1)
JCTR = JCTK + K1

IF(K2 «EQe O) GO TO 999

PDFLG = «TRUE.

DO 20 1 = 1sK2

TEMP = WORDI(K3 + 1)

IF (TEMP oLTe le) GO TC 20

NFR = NFR + 1

IF(NFR «GTe 6) GO TO 50

FRINFR) = TEMP

CONTINUE

6O TO 999

WRITE(6s70uUV)

STOP

FORMAT (/- INPUT FREQUENCIES EXCEED SIX=/)
RETURN

END




29, Subroutine SYNBP

Called by: PROCES
Calls: FRQFCN
Commons: blank, CDATA
Entries: SYNLP, SYNHP

Description: SYNBP provides a model of a synchromously tuned bandpass
filter. EPEntries SYNLP and SYNHP provide low pass and high pass models.
The filter transfer function is computed to be

1
HE) = (i—_+—j_f;>

n

where
n = number of sections,
£/£' for low pass,
co

= - L]
fp fco/f for high pass,

- t
(f fo)/fco for bandpass,

SR SWLICHR

3(n) -\/2”“ -1,

and f., is the nominal corner frequency in Hz. For this idealized filter,
the insertion loss at the center of the pass band is zero, and the atten-
% uation at the corner frequency is 3 dB. The computed transfer function
for the bandpass filter is symmetrical about center frequency.

2
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Program Listing:

SUBROUTINE SYNBP(A)
COMPLEX A(1)sDsD1
COMMON NsIGAMDELFSDELT
| COMMON /CDATA/ JCTR»DATA(200)
| LOGICAL FFLG
i FG = DATA(JCTR)
FCOFF = DATA(JCTR+1) / 2.
NR = DATA(JCTR+2)
FFLG = o#TRUE.
GO TO 20
ENTRY SYNLP(A)
FFLG = oTRUE.
GO0 70 10
ENTRY SYNHP(A)
FFLO = eFALSCte
10 FO = Ve
FCOFF = OATA(JCTR)
NR = DATA(JCTR + 1)
2u TEST = £XP(35« / NR)
CALL FRQFCNC(A)
X = EXP(e469314718 / NK)
PSI = SQRTIX = 1le)
FCPR = FCQOFF 7 PSI
DO 50 I = 1lsN
I =1 -1 - N/2
F = Il * DcLF
FP = SIGN{lesF) * (AbS(F) = FJ) / FCPR
IF (FFLG) GO TO 3v
IF (ABS(FP) oLTe leE=-16) GO TO 40U
FP = =1e/FF
3u IF (AQS(FP) «GTe TEST) GO TO 4V
V1 = CMPLX(1lesFP)
O = D1#**NR
A(ly = A1) 7 D
GO TO 50
40 A(l) = CMPLX{(OesDe!
50 CONTINUE
= ReTURN
: END

e e | o et RO < Srns S

e -
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30. Subroutine TELPLT

Called by: MAIN
Calls: TIMFCN
Commons: blank

Entries: none

Description: TELPLT is a routine which provides a remote teletype plot
of the time waveform data. The routine provides the capability of plot-
ting selected portions of the array containing the data. This portion
of the data array to be plotted is controlled by specification of the
input parameters NST, NSP, NJUMP which specify the starting point in

the data array, the stopping point, and the number of data array points
skipped between plotted points.

171




]

Program Listing:

SUBROUTINE TELPLT(AsNST sNSP sNJUMP)
COMPLEX A(l)
DIMENSICN 1A(5C)
COMMON No»IGAMsDELF 9DELT 9PV
CALL TIMFCN(A)
BMAX = REAL(A(NST))
bMIN = SMAX
DO 1 I = NSTaNSPaNJUMP
3 = REAL(A(I))
IF(D.LT.UMIN) DMIN o}
1 IF(BeGTedMAX) BMAX = b
IF((3MAX-BMIN) sLTeleE=3u) GO TO 995
DO 33 1 = 1,50
35 IA(1) = 1lH
1w wWRITE(Ss4)
4 FORMAT(5Xs1H*+)
WRITE(693) BMINsoOMAX
3 FORMAT(12Xs=AMPLITUOE~ MIN —st9ets=s MAX —sc9els= VOLTS=)
WRITE(64)
WRITE(66)
6 FORMAT (6XscH O93X’2Hol93X92H02’JX92ho3’3X92H-‘6,3X9ZH.5o
1 3XO2h06’3X92H07’3X’2T‘108’3X’2H09’2)(93"1100)
WRITE(6T)
7 FORMAT(1RsB8XslAlslulSr-===1))
U0 10 1 = NSTeNSPsNJUMP
b = REALLACI))
o (B-oMIN)/ (BMAX=0BMIN)
M = INT(B*50.+.5)
[F(MeEQeO) GC TO 36
[A(M) = 1H* .
WRITE(6935) Is1A f
IA(M) = 1H i
35 FORMAT(2Xs15+3d Is50A1) f
50 TO 36 .
36 WRITE(6+37) 1 I
357 FORMAT(2Xs 1593 *) ‘ \
36 CONTINUE m
1o CONTINUE
WRITE(6911) ]
11 FORMAT (6Xs1HN) 5
GO TO 9Jv
999 WRITE (699)
9 FORMAT(1Xsl2HERROR FINISH)
93y RETURN
END
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wEels

31. Subroutine TIMFCN

Called by: AMDEMO, FMDEMO, FRQMUL, IDLMUL, LIM, PHDEMO, TELPLT, WRIF
Calls: LFOLD, FFT

Commons: blank, CDOM

Entries: FRQFCN

Description: TIMFCN checks the type of function stored in the data ar-
ray (indicated by DOMFLG) and transforms when necessary. A call to
TIMFCN will assure that a time function is in the data array, while a
call to FRQFCN will assure that a frequency function is in the data
array.

Program Listing:

SUBROUTINE TIMFCN(A)
COMPLEX A(1)
COMMCON N luAM
CONMMON/CDOM/ DOMFLG
LOGICAL DOMFLG
IF(UCMFLG) GO TC 9993
CALL LFOULD(ASN)
CALL FFT(AsIGANMs 1)
DOMFLG = +TRUZ 3
GO TO 999 i
ENTRY FRQFCN(A)
IF(«NOTe DOMFLG) GO TO 395
CALL FFT(AsIGAMs=1)
CALL LFULDI(ASN)
UCMFLG = oFALSCe

399 RETURN
cND

g

»
K -
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32. Subroutine TTFP

Called by: MAIN
Calls: FRQFCN, SCALE
Commons: blank

Entries: none

Description: TTIFP is a routine which provides a remote teletype plot of
the frequency function. The frequency spectrum is plotted between the
limits specified as input parameters. These irput parameters are FLO

and FHI which specify the low and high frequency limits, in Hz, of the
spectrum to be plotted.

Program Listing:

SUBROUJUTINE TTFP(ASFLOsFRI)

THIS SUBROJTINE PROVIDES A TELYTYPE PLOI OF IHE FREQUENCY

C SPECTRUM FROM FLO TO FHI AND PRINTS THE CARRIER FREQUENCY
COMPLEX A(L)

COMMON N IGAMsDELF
DIMENSION IA(50)sMM(6)
CALL FRurCN(A)

m
b 3
*

C * % ®x *
NST = (N/2) + INT(FLO/UELF =+ SIGN(eSsFLU))
NST = NST + 1 i
NoP = (N/2) + INT(FHI/0ELF + SIGN(e3sFHI)) ?
NSP = NSP + 1 :

v

e e g e+ b———

R R e i

PP IES R
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TTFP (Continued)

*

UBMAX = ~1.£30

IEND = NSP - NST + 1

DO 1 I = 19I1END

DECTMP = CABS(AINST + I - 1))
IF(OZCTMPelLTolec=3u) DECTMP = letE=30
B = 20e * ALCGLU{LECTMP)
[F(ueGTeUBMAX) VOMAX = ©

CONTINuUE
* *

*  *

WRITE(6s2) TEND
FORMAT (/5% e8HNSIZE = +15/)
*

CALL SCALE(DoMAXsMAXSCL)

*  *
THE ORDINATZ wILL VARY FROM(MAXSCL=-50) D3 uP
TO MAXSCL Doe

DO 33 I = 1le5C

[A(]) = 1hn

DO 5 1 = 196

MMIET) = MAXSCL - lu*(6-1)

MAXF = ApS(FLC)

IF(ASS(FHI) eGTeMAXF) MAXF = ApSI(FHI)

NAMEF = 0
[F{MAXFeGToelet3) NAMEF
IF{MAXFeGTelet6) NAME - 6

IFIMAXFaGTele9) NAME- 9

IF(NAMEF«EGeL) WRITE (6920v)

[F(NAMEFetWe3) WRITE(692u3)

IF(NAMEF eEGe6) WRITE(692V6)

[IF(NAMEF e Ewe9) WRITE(692VUY)
FORMAT (2X 9 l4HFREWUENCY (HZ)s9XesbhueClbEL D)
FORMAT (2X y 15HFREQUENCY (KHZ) 98X s8HUtCloELS)
FORMAT (2X s 15SHFREQUENCY (MHZ)+8x98DECIOELS)
FORMAT (2X 9 15HFREGJENCY (GHZ) s8Xs8HDECIZELD)
WRITE(69T) (MMUI)el = 146)

FORMAT (/77X sl4s6(6X914)s5Xes1d)

wRITE(698)

FORVAT(9X s 1Ml 95 (1l uH====4—===1))

3




515

1616
35

34
37

S5u
51
100V
36
{0

11

TTFP (Continued)

FFACT = 1.

IF (NAMEFeEWe3) FFACT = lec-3
IF(NAMEF eCWe6) FFACT = lebk=d
[FINAMEF eEWe9) FFACT = leE-9
FLO = FLO * FFACT

FHI = FAl * FFACT

DELF1 = DELF * FFACT

FLOPRT = DELF1#(NST =1 -=N/2)
vO 10 I = 1+1END

DECTMP = CABS(AINST + 1 = 1))

[F(VUECTMPelLTelet=3u) UECTMP =

B o= 206 * ALOGlu(DECTMP)
M = 50 + B - MAXSCL
J=1-1

XJ = J

FREG = FLOPRT + X *
IF(MeLTeu) GO TO 5v
[F({MeEQev) GO TC 34
D0 1515 1 = 1M
[A(ID) = 1H-
WRITE(6935) FREGsIA
20 1616 ! = loM
IACII) = 1H

DELF1

FORMAT(F84392n 1950A1)

GO TO 36

aRITE(6937) FREG
FORMAT (1XsFTe392r —)
GO TO 36

wRITE(6351) FREQ
FORMAT (1X9sFTe392H 1)
FORMAT ( )

CONTINUE

CONTINUE

WRITE(6911)
FORMAT (6X 9 4HFREW)
RETURN

END
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33. Subroutine WRTF

Called by: MAIN
Calls: TIMFCN, FRQFCN
Commons: blank
Entries: WRFF

Description: WRTF generates a printed listing of the time function be-
tvieen selected limits. Entry WRFF generates a printed listing of the
frequency function between selected limits.

Program Listing:

SUDRCUTINE wrTF{AsNLINZ)
COMPLEX A(l)
COMMON N IGAMspELF
CALL TIMFCON(A)
WRITE (69704)
LO 1¢ I = N1sNZ
lu WRITE(6LTCu) 1 eAtl)
GO 70 399
eENTRY WRFFUAsFLuUSFAIL)
CALL FRGFCN(A)

NCTR = N/2 + 1
FLOT = FLO - DELF/lve
FHIT = Fnl + CciLF/lve

aRITE(E6EsTU2)
DC 2u I = 1N
F = (1 = NCTR)®DELF
IF (F oLTe FLOT) 02 TO 2V
[F (F «GTe FHIT) GO TO 9939
THETA = lec3.e
T = CABS(A(L))
[F (T «LTe leE=30) GO0 TO 15
THETA = 57629573#ATAN2(AIMAG(ATT) ) sREALLALTY))
1> Oo = lec3C
[F (T eule ve) Uu = due*ALOGLlUIT)
NRITE(O9TULl) [ToFontI)eTeloslHeTA
2v CONTINUE
999 ARITE(697C3)
7uu FORMAT(1lr s0(592(1PELl.e3e2X))
761 FORMATILH +15¢1Pcl2e693(2Xourided)s12XsFTe212X9Fb60l)
T02 FIRMAT (/- LINE=9OX 9 =FREW=99IX 9 =REAL=96X9=[MMAG=96X
1 ~IAAG=96X 9=Dd=9OX e =PRASE=/)
7063 FORMATLYZ)
7o FORMAT (/= LiNc=+0X9=~REAL=98Xs=TMAG=/)
RETURN '
END
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APPENDIX D

Listing of SIGMA-5 Version of those FATCAT Routines
which were Modified to Adapt them to the SIGMA-5.

NOTE: Many of the Hollerith strings in format
statements were delimited with quote marks.
The printer used to make the following list-
ing did not have the quote character; a minus :
41ign appears where each quote should have been. .

,,
RFCEDING PAGE DLANT woyy pry vy .

&
:
L

*
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MAIN PROGRAM

COMPLEX A(1024)

COMMON Ns IGAM,DELFSDELT sPD+CARRFQ
COMMON /CFREQ/ NFR,FRI(6)

COMMON /7ZDGM/ DOMFLG

COMMON /CDATA/ JCTRsDATAL(200)
COMMON /CCIRKT/ N3LKsITYP(30s2)
COMMON/CwWORD/ WORD(12)
COMMON/CFLGS/ PDFLGARFLS

LOGICAL PDFLOs ARFLO

JCTR = 1
[TYP(1s2) = JCTR
NFR = ©
NGLK = v
[gLK = U

POFLG = oFALSE.
ARFLG = o«FALSEe
ARITE(6+7006)
00 2 1 = 1912
2 WORO(I) = 4H
CALL FETCH{WORDLs Ls NDAD)
IF (NBAD «tQe 0O) 0O TO 1
CALL ELFINU(WORDs LTYP)
GO TOt 10 2V 30 2V 9 Sus 60 TUs 80U 9Gs 1V00
1 110s 12Us l3us laus 150s 160 17us 18Us 190 200U
2 210y ¢2Us 23us 24Us 25Us 20V 2Tus 28Us 290 3UU
3
&

—

310y 320y 33Us 34Us 3509 3609 370 380s 3290y 400
410y 4200 63U)WLTYP
10 IF (WORD(4) «EQe 1lH ) GO TO0 12
Nl = WORD(3)
N2 = WORD(4)
GO T0 15
12 WRITE(6+7004)
READ(59700uv) N1sNZ {
19 CALL WRTF(AsN1sN2)
GO TO 1
20 IF (WORD(&) «EQe 1A ) LO TO 22 \
FRLO = wWORLI(3) :
FRHI = WORD(&)
GO TO 25 .
22 WRITE(6+7005) }
READ(S970CU) FRLOSFRHI
25 IF (LTYP <EQe &) GO TO 4v
CALL WRFF(AsFRLOsFRRI)
GO T0 1
C # & TTY TIME PLOT
3y IF (WORD(&) eEGe 1t ) GO TO 32
NST = WORDI(3)
NSP = WORD(4)
NJUMP = WORDI(5)
IF (NJUMP «EQe 1H ) NJUMP = 1 :
GO TO 35 ;

e 4.5
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32

35
C * =
4u

C * *®
5V
Tlul
S5u

Tu

3V}

Iy

luu

110

129

13u

140

C * »
l6u

MAIN (Continued)

WRITE(6+7007)

READ(597000U) NSTeNSPyNJUMP

IF (NJUMP oLTe 1) NJUMP = 1

CALL TELPLT(AGNSTaNSPsNJUMP)

0O TO 1

TTY FREQUENCY PLOT

CALL TTFP(AsFRLCsFrAL)

wO TO 1

CALCOMP TIME PLOT

WRITE(6s71Ul) ((ITYP(Isuds J = 132)s I = 145)
FORMAT (1X92(1353X))

GO TO 650U

PRINT PRIMc FACTORS

CALL PRTFAC

GO TO 1

eNO OF JOo

GC TO 999

BUTTERAURTH DANUPASS

CALL STROTA(34097)

NTYyP = 3

G0 TO 6uvu

SUTTERWORKTH LOWNPASS

CALL STRUTA(ZsGsu)

NTYP = 4

GO TO 600

SUTTERWORTH HIGRPASS i
CALL STRDTA(Z9Us0) '
NTYP = 5 ’
GO TO 6vu

BUTTERAORTH BANDSTOP
CALL STROTA(34usd)

NTYP = 6

GO TO 60UV

CHeEbYSHEV BLANULPASS _

CALL STROTA(GLyU V) .
NTYP = 7 L\‘
GO TO 60U

CHEZ3YSHZV LOWPASS

CALL STRUTA(3+Gs0)

NTYP = 8 ;
GO TD 600

CHEBYSHEV RIGHPASS

v CALL STROTA(35U90)

NTYP = v

GC TO 64U
CHEBYSHEV oANCSTOP
CALL STRDTA(GsV V)
NTyYP = 10

G0 TO 6u0
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* *
170

* *
lagv

* *
19v

* »
200

* »
¢1v

220

*  *

230

240
L B

250

*
26V

*
270

LR
280

299

291
293

MAIN (Continued)

SYNCHRONOUS BANDPASS FILTER
CALL STROTA(34+04+0)

NTYP = 11

GO TO 600

SYNCHRONOUS LOwWPASS FILTER
CALL STRIOTA(Z9Us0)

NTYP = 12

00 TO 6uVu

SYNSHRUNOQUS HIGHPASS FILTER
CALL STROTA(Z2svsuU}

NTYP = 13

GO TO 6u0

SIGNAL GENcRATOR

CALL STRDTA(692s1)

CARRFQ = WORD(3)

NTYP = 1

GO TO 6uU

FREQUCNCY MULTIPI.IER

NTYP = &

GO TO 6UV

GO TO 430

IDEAL MULTIPLIER

CALL STRDTA(2s142)

NTYP = 16

GO TO 60UV

GO TO 430

M DEMODULATOR

CALL STRDTA(1+0+0)

NTYP = 19

GO TO 6V0

PHASE DEMOULULATOR

CALL STRUTA(1+0s0)

NTYP = 20

GO TO 64UV

AMPLIFIER

CALL STRDTA(1,0,0)

NTYP = 2

GO TO 60C

LIMITER

CALL STRDTA(3,0+0)

NTYP = 17

GO TO 6vV

NOUT = WORDI(3)

IF(NOUT eLEe NoLK) OC TO 291
WRITE(6970V1) NoLK

GO 10 1

IFINOUT = IBLK) 29592959293
IF(PDFLG) CALL PDCHAN

[TMP = JoLK + 1

00 292 IB8LK = ITMPy NOUT
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B ST

292
295

30v
31v
32v
330

340

360

370
380

390
409
410
42V
450

6vu

65y

7009
C7G00
7001
7002
JAVIVE
Tuve
7005
706
7007
7100
939

MAIN (Continued)

[oTYP = ITYP(I3LKs1l)

JCTR = ITYP(IELKsZ2)

CALL PRCCES(IBTYPsA)

CONTINUE

[oLK = NOUT

WwRITE(6sTOUZ) JouKk

oC TO 1

CUNTINUE

CONTINLZ

GO TO 379

GO TO 430

AM JDEMOOULATOR

CALL STROTAKI(1s0Cs0)

NTYP = 22

GJ TO 640

FLAT SPECTRUM GENZIRKATOR

CALL STROTA(390su)

CARRFUW = Ue

NTYP = 23

GO TO 6wy

CALL LSTCOM™

GO T0 1

60O TO 65¢C

CALL INPFCR

G0 TO0 1

GO TO 6590

GO TO 65¢

GO TO 65¢

00 TO 650

WRITE(6970u3)

GO TO 1

NBLK = N3LK + 1

[TYPINBLKs1l) = NTYP

ITYPIN3LK + 1s2) = JCTR

G0 TO 1

WRITE(6sT1ou) AORC(1)s wORULI(Z2)

GO TO 1

FORMAT ()

FORMAT (3040

FORMAT (= # # ERROR * #* LARGEST SLUCK NO IS =9l2s=- * %-)
FORMAT (= PROCESSING LOMPLETE ThRU blLUulCK -s12)
FORMAT (= # #* (NockINEU STATUMENT * #-)
FORMAT (= EinTer LOWs Alun INDICES-)
FORMAT (= ENTEK LOwWs HIOH FREWJeNCIES~-)
FORMAT (= START=)

FORMAT (= ENTER NOTART s NSTLPe NJUWP=-)
FORMAT (= COMMAND =9A4sA2,4,- IS NCT YEI CPERAITIONAL-)
CONTINUE

STOP

END
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YO ON

NOANNNNOHDOD

SUBROUTINE FETCH(WORDsLL +NBAD)

INTEGER APCSToBLANKoCONMﬁyDECPToEQUAL9PLU$9RPAREN9TE<T
INTEGER BUFFI’BUFFZ’BUFF3’BCDFPT’TlTLE’WORD’E
DIMENSION TITLE(12)

COMMON/CFETCH/ AQUFF2(6) «BUFF11(80)

DIMENSICN WCRDI(1)

EQUIVALENCE {BUFF3,3UFF&)

CATA APCSTOBLAN(’COMMAQDECPT’EOUAL’MINUSiNtNE’NZ’pLU(
1 / 1H= olH slHss1lHe s1H= s 1H= 91H9 »1HO s 1H+ /
DATA LPARCMQQPAREN
1 / 1H( o 1HY /

DATA £ / 1HE 7/

L=0

NCOLS = 80

NBAD =1

FETCH 1S A FREE=-FIZLD INPUT SUBPROGRAM WHICH RETURNS
THE INPUT DATA IN LL CONSECUTIVE CELLS OF THE
ARRAY WORDe HOLLERITH IS TRUNCATED TO 6 CHARSe
1 CONTINUE
READ (531CC1,END = 1071 ( BUFF1(1)s1=1+8C )
WRITF (6+1CC5%) | BUFELL])s1=1980 )
20 M = 0
2 X 0
N o)
NCOMM = 2
DO 3 1 = 196
3 BUFF2(1) = 3LANK

-

4 IF ( M=NCOLS ) 409109100
* EXAMINE EACH COLUMNS REMAVE BLANKSs AND TEST FOR
SEPARATORS .
40 M = M+l
TEST = BUFF1(M)
1F ( TEST = BLANK ) 41944041

41 IF t TEST - COMMA ) 4296942
42 IF ( TEST = ESQUAL ) 4396903
43 |F ( TFEST - LPAREN ) 4464969060
44 [F ( TEST - RPAREN ) 459449065
45 N = N+1

BUFF2(N) = TEST
IF { K ) 59594
* IF TYPE HAS NOT 3ZEN SET (K=0)s TEST CHARACTER Tn
DETERMINE IF IT IS A NIGIT OR SIGN (NC DECISION)
A 4-8 PUNCH (TITLE CARD)» A DECIMAL POINT (FLOATING
POINT NUMBER)» OR NONE NF THESE. IN WwHICH CASE A
HOLLERITH WORD IS ASSUMEDe IF X IS SET, IT wiLL 3E
¢ WHEN AN INTEGER
1 WHEN A FLOATING POINT NUMBER
2 WHEN A HOLLERITH WORD .
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(e aNANA)

e BANANAKA

[ NA!

51
52
53
54
5¢
56
560
561

lu
11

107
1001
1002
1035
2004

FETCH (Continued)

NCOMMA = ]
IF ( TEST = NZ ) 52951451

IF ( TEST = NINE ) 454452

IF { TEST = PLUS ) 5394453
IF ( TEST = MINJS ) 5454454
IF ( TEST - APOST ) 55+3J,55
IF ( TEST = DECPT ) 56957456
IF ( TEST = £ ) 56195604561
IF ( N=1 ) 561456144

K = 2

GO TO &

K = 1

GO TO &

SELECT MCDE OF CCNVERSIONs BASED UPON Ke

IF ( K=1 ) 79759

BUFF4 = 3ZCCFPTL ZUFFZ2HN )

IF € N ) 1.6910£648

AODRDIL+1) = BUFF3

GN TO 91

ENCORE (431302, WORDIL+1)) (BUSF2(1)s1=1,4)

ENCONE(2917C2WORD(L+2)) (BUFF2(1)912556)

L =L +

L=L+1
IF NOT FINISHED WITH THE CARD IMACES REINITIALIZF
AND CONTINUEe. IF ThE NCOLS COLUMN CONTAINED A
COMMA, PRCCESS THE MEXT CARDe. OTHERAISEs SET THE
NUMBER CF WORDS CONVERTED IN LL AND RETURNe

IF ( ¥=NCOLS ) 2s13s1C

IF ( TEST - COMMA ) 11,111
LL = L

RETURN

MOVE A TITLT CARD INTC THE TITLE ARRAY,

ENCODE (4841721, TITLEY (BUFFLLIN,1 = 1+48)

GO 1C 1
A CARD IMAGE HAS BEEN PRCCESSECe [IF THE LAST
NON=-BLANK SYM3OL WAS A COMMA (NCOMMA=C),y READ
THE NEXT CARDe OTHERWTSE THERE IS INFCRMATION
[N #8UFF2% TO RE CONVERTEDs AFTER WHICH, FETCH
WwILL RETURN TS THE CALLING PROGRAM.

IF ( NCCMMA ) 69196
FETCH FCUND CONCOMITANT SEPARATORS OR A NUMBER wITH
MORE THAN 15 DIGITS AND COULD NCT CONTINUE.

WRITE (6492CC0) (BUFF2(1)s1=146)

NBAD = %

RETURN

STOP

FORMAT (80A1)

FORMAT (6A1)

FORMAT(1Xx8GA1)

FORMAT (25H #* FETCH CANNCT DECCCE 6Als4H R%//)

END
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SUBROUTINE INPFOR
COMMON /CWORD/ wORrRD(12)
INTEGER wORD
LOGICAL FLG
FLG = «TRUE
CALL ELFIND(WORD(3)sL)
GO TO | 1, 1, 1l 1, ly | 3 J Y 1, 9 10
11 12 13, 14, 15, 169 17 18y 19s 20»
21, ly 23 le 254 26 27s 28y 1, 1,
1y 1 1y 349 35, 1l 1y ls 1l 1,
1l lsy Suulse L
1 WRITE(6s7001) WORUD(1l)s WORLI(2)
GO TO 999
20 WRITE(697020)
WRITE(697104)
£ IF (FLG) GO TO 999
35 WRITE(647035)
WRITE(697111)
IF (FLG) GO TO 999
9 WRITE(6+700L9)
WRITE(6s7101)
IF (FLG) GG TO 959
10 WRITE(6+70310)
WRITE(6971V2)
iF (FLG) GO TO 999
11 WRITE(697011)
WRITE(H6»7102)
IF (FLG) GO TO 999
12 WRITE(6,70U12)
WRITE(6»T1VL)
IF (FLG) GO TO 999
13 WRITE(657013)
WRITE(6,7101)
WRITE(657103)
IF (FLG) GO TQO 999 .
14 WRITE(6s7014) \;
WRITE(BeT1UZ2) :
WRITE(69T1V3)
IF (FLG) GO TO 9969
15 WRITE(697015)
WRITE(6sT71U2) 2
WRITE(6s7103) t
IF (FLG) GO TC 999
16 WRITE(6+7016)
WRITE(6,71C1)
WRITE(67103)
IF (FLG) GG TO 999

oNnoa>»

T

s v
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17

18

19

25

34

26

21

7000
70v1l
Tuu?
TClu
7011
7012
7013
7014
7015

INPFOR (Continued)

WRITe(6+7C17)
WRITE(6»71U1)

IF (FLG) GU TO 999
WRITZ(657018)
WRITE(697102)

IF (FLG) GO TO 999
WRITE{697C19)
WRITE(6,7102)

IF (FLG) GO TO 999
wRITE(697025)
WRITE(69710LT)

IF (FLG) GO TO 999
WRITE(6s7U34)
wRITE(ESTIUT)

IF (FLG) GO TO 99y
WRITE(697026)
WRITE(E69T710T)

[F (FLG)Y GC TO 999
WRITE(6+7221)
WRITE(S6,T7105)

IF (FLG)Y GO TO 99v
WRITE(697023)
WRITc(6s7106)

IF (FLG) GL TO 3999
WRITE(697027)

IF (FLG)Y GU TO 999
ARITE(H697028B)
WRITE(6sT7110)

GO TQ 999

IF (WORDI(3) +EQe 3HALL) GO TO 510
WRITE(697112) WORLI(3)
GO TO 999

FLG = oFALSE-

GO 70 2v

FORMAT ()

FORMAT(1XsAl4sAZs- 15 NOT AN INPUT COMMAND-)

FORMAT (/~ owoNUPs Fus oWy NR=)
FORMAT (/= cwWwlLOwPs FCs» NKR-)
FORMAT (/- bwHIP» rCys NK-)
FORMAT (/- bwpSTPs Fus CWs NR-)

FORMAT (/- CHoNDPs Fus cwe NRe EPSCB-)

FORMAT (/- CHLOwWPs FC» NRs EPSDB-)
FORMAT (/- CHHIPs FCy NRs EPSDO-)
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7016
7017
7018
7019
7020
7021
7023
7025
7026
7027
A
7028
7034
7035

7101 FORMAT(- FU = CENTER FREQs HI=/- Bw

A

FORMAT (/-
FORMAT (/-
FORMAT (/-
FORMAT (/-
FORMAT (/-
FORMAT (/=
FORMAI (/-
FORMAT (/-
FORMAT (/-
FORMAT (/-
FORMAT (/-
FORMAT (/-
FORMAT (/-

INPFOR (Continued)

CHB8STP, FUs Bws NRy EPSLB-)
SYNBPs FUs ©Ws NR-)

SYNLPs FCs NR-)

SYNHPs FCs NR=)

SIGGENs FUs FMODs AMs PMs FMs A=)
FRQMUL-)

IDLMULs ALOs FLO=)

FMDEMCy FuU-)

PHDEMQOs Fu-)

AMP, GAIN-/- GAIN = VOLTAGE GAIN, DB-
(6 DB = FACTOR OF 21)-)

LIMy CLs CHs GL=)

AMDEMOs FO-)

FLATSPs AMPs DELFs N=)

SANDWIDTHs HZ=/
NR = NUMBER OF SECTIONS-)

7102z FORMAT (= FC = CORNER FREWs HI=/= NR = NUMGBER OF SECTIONS-)

71063
Tlue

,

>

mona

7105
7106

A
T1u7
7110

A

8
7111

A

B
7112
999

FORMAT (-
FORMAT (

FORMAT (-
FORMAT (-
FORMAT (-
FORMAT (-

FORMAT (-

FORMAT (/-
WRITE(647
RETURN
END

EPSO8 = CnEbyYShev RIPPLE FACTORy bLo-)
Fu = CARRIER FREQs AZ-~/
FMOD = MODULATION FREuU, HZ-/

AM = PERCENTAGE AMPLITUDE “ODULATION=/
PM = PEAK PHASE OEVIATIONs RADIANS~/
FM = PEAK FREQUENCY OEVIATION» HZ=-/

A = PEAK AMPLITUDZs VOLTS-)

(NO PARAMETERS)-)

ALO = PEAK AMPLITUDE OF LO SIGNAL, VOLT .=/
FLO = FREQ OF LQOs HZ-)

FU = CENTER FREQs HZI-) f
CL = LOW CLIPPING LEVEL> voLTS-/ %
CH = HIGn CLIPPING LEVELS VOLTS=/ 9
GL = LIMITER GAIN» VOLTS/VOLTo-)

AMP = AMPLITUDE OF SPECTRAL LINES-/
DELF = FREG SEPARATION OF LINESs HZ=/
N = ARRAY SIZE-) ;
INPFOR CANNOT DECODE =-»A6/) *
000C) ‘
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SUBROUTINE ELFIND(NAMESL)
OIMENSION NAME(1)s MATCH(84)
DATA {(MATCH(I)s I = 1+84)
A/4FPRIN’2HTT9AHPKIN’ZHTF;QHTPLO,2HTT94HTPLO’2HTF’
4HCPLO»2HTT GHCPLCy2HTF s 6HPRIM s 2HEF s GHENCOs2HF U
GHOWBN s 2HUP s 4HEWLC s 2HaF sariowh] s 2HP s4RC W3S 2HTP s
GHCHBN 9 2HUP » 4HCHLO s 2HWP s bHCHAL s 2HP s 4nCHABS92HTP
LHSYNB 92HP s 4HSYNL92HP s 4HSYNR,ZHP 24nSTGGe2HENY
4HFRQMs2HUL s 41 'Y, s IOLMeZ2HJL »4H s2H ’
G4HFMDE 9 2HIMC s 4HPHUL 9 2hMO s 4HAMP 5 ZH sGHLIM +2H
GHBLOC e 2HK 94HYES 92H s 4rHNO s 2H s 4HN s2H ’
4H s 2H 94HAMU£,ZHMO,AHFLATyZHSP’QHLIST,ZHCO'
GHCIRCs2HUT 9 GHINPU 9 ZHTF ¢ 4HDELE s 2HTE s 4HINSF 4 2HRT
GHREPL s2HAC » GHREPE 9 2HAT/
NMAX = 84
4 O 11 I = 1sNMAX»Z
IF (NAME(1l) = MATCR(I)) 11s5.11
IF (NAMC (2) = MATCHRUL + 1)) 1lsdlsill

11 CONTINULEL

I = NMAX + 1

21 L = (I + 1) 7 2
. RETURN
n END

C—~IGCTMmmonNno

un

g

'
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SUBROUTINE LSTCOM
COMMON /CWORD/ wWORD(12)
INTEGER WORD
WRITE(6970u]l)

I =1
IF (WORDI(3) +EQe 3HALL) GO TO 20
1 =0

IF (WORD(3) «EQe 4HSOUR) GG TO 20
IF (WORDI(3) e£Qe 4HFILT) GO TO 30
IF (WCRD(3) «EQe 4HDEMO) GO TO 40
IF (WORD(3) ¢EQe 4HMISC) GO TO 50
IF (WORD(3) «EGe 4HCONT) GO TO 60
IF (WORD(3) «FQe 4HNSIZ) GO TO 70
IF (WORDI(3) etQe 4HLIST) GO TO 80
WRITE(697020U) wlRDI(3)
= GO TO 996
20 WRITE(657002)
IF (I «EQe 0) GO TO 999
30 WRITE(6+7003)
IF (I «EQe 0) 30 TO 999
40 WRITE(657004)
IF (I «EQe 0) GO TO 939
50 WRITE(6+7005)
IF (I «EQe 9) GO TO 999
60 WRITE(6570V6)
IF (1 «tQe 0) GO TO 999
70 WRITE(657C07)
GO TO 999
80 WRITE(657CuB)
999 RETURN
7001 FORMAT(/15X,-FATCAT COMMAND SUMMARY-)
7002 FORMAT(/10Xs=SCURCES=//= SIGGEN=95X»=SIONAL GENERATOR-/
A - FLATSP=95Xs~FLAT SPECTRUN GENERATOR=-)
7003 FORMAT (/910X 9s=FILTERS=//= BUTTERWCRTH=-=/
~ BWBNDP=-95X9~BAND PASS~/
BWLOWP=95X9-LOW PASS-/
BWHIP=96X9=HIGH PASS~/
BWBSTP=95X9=3AND STOP-/

E
*

/- TCHEBYSHEFF-=/

= CHENDP=+5X»=0AND PASS=/ :
- CHLOWP-35X»=LOW PASS=/ ~ 3
- CHHIP=~36X3=HIGH PASS=/ ;
- CHBSTP-+5X»-BAND STOP-/ :
/- SYNCHRONQUSLY TUNED--/

SYNBP =~ +6X 9~-BAND PASS-/
SYNLP~36X9s-LON PASS-/
SYNAF -36X9s-HIGH PASS~)

A
b
C
D
£
F
G
H
I
J
K
L
M
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R

"oy

;
4
o

N

7004 FORMAT(/91ClXs-DEMODULATORS=-=//

A
R

C

N
V] ur’

A
C
D)
£

FOR

LSTCOM (Continued)

FMDEMO=-95X s~FM DEMCDULATCR-/ 2
AMDEMO~=95X » =AM DEMCDULATOR=/ &
PHDEMO=-+5Xs-PHASE DEMOCULATOR-) x

MAT(/9liXe= MISCELLANEOUS =//»

FRGMUL=95X s =FREQUEMCY MULTIPLIER=/>»

IDLMUL-#5X s=1DEAL MULTIPLIFR-/ o
AMP -4 8X y=AMPLIFIFR~/ 5
LTM=s8X s=LIMITER=) )

7006 FORMAT (/912X »=CONTRDL CCMMANDS-//

A
3

A}

C—1 GG Mmm-”

PRINTT=95Xs=PRINT TIME FUNCTICN-/

PRINTF=95X o=PRIMT FREQUENCY FUNCTICON=-/
TPLOTT-95Xs-PRINTER PLCT CF TI¥F FUNCTION-/
TPLOTF=95Xs=PRINTER DLCT COF FREGUENCY FUMCTIGN=-/
CPLOTT=35Xs=RE¥ATE PLCT 2F TIYE FUNCTICON=/
CPLOTF=95Xs~RENMOTE PLCT OF FREGUANCY FUNCTICN-/

ILOCK-96Xs=PROCESS SIGNAL T2 ouUTPUT OF BLOCK SPEr1FIED-/ %
PRIMEF-5Xs~LIST PRIMF FACTORS CF ALL SCURCE FRESMENCIES-/ &
END CF JCB=s1X,,=TERMINATES RUN=/ o

INPUT FORYATS»2LOCKNAME LIST INPUTS FCR NAMED ALOCK=/)

7007 FORMAT(/s4Xs=-SPECIAL COMMANDS TC SPFCIFY ARIAY S125-77

Ny >

YES-98Xs-LI1STED ARRAY SI7E ACCEPTASLI=/
NO-s9Xs-LISTED ARRAY SIZE NOT ACCEPTA3LE=-/ 4
N-s1uXs=SET ARRAY S125 TO SPECIFIER VALUE-/) 2

7008 FORMAT(/s= LIST CCMMANDS— COMVANDS ARE LISTZID 3Y GIVING=,
A = TWO ALPHANUVERIC-/~ WORD SETS SEPARATEDR 2y A (TMMA. =

KL= T O MU L

=T

HE FIRST 1S =9lH=9=LIST COMMANDy~91lH=/9~- PCSSIBLE=-»

SECOND WCRNS AMD THE RESULTING QUTPUTS ARE--/ 2
ALL-912Xs=LIST ENTIRE COMMAND SET-/ .
SOURCSS-98Xs=-LIST COVMMANDS FOR SOURCE LOCKS=/ ‘
FILTERS=98Xs~LIST COMMANDS FOR FILTERS=/

DEMONULATCRS=93Xs=LIST COMMANCS FOR GIVODULATORS-/

MISC=911X9=LIST 2THER BLOCK COYNANDS (AMPSLII #FTCY=/
CONTROL=-98X9~LIST CCNTROL COMMANDS-/

NSTZE=9s1"Xs=LIST COMMANDS CCNTRPOLLING ARRAY SIZ2E-/

LIST COVMANDS-92Xs-LIST THE ARQVI INFORMATICN=/)

7020 FORMAT (/- LSTCC CANNOT DECCLE -9h&/)

END
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SUBROUTINE PDCHK
COMMNAN NoIGAV,DILFSDELTSPD
COMMON /CWCRD/ wWORDI(12)
CCMMON /CFLGS/ PDFLGsARFLG
LOGICAL PRFLZIARFLS
NFLG = C
NSET = N
CALL PERICD
IF(ARFLG)Y GC T2 5.
NSET = N
WRITE(69T0 o) PDeIELF
1o WRITZ(6570.1) NoeIOAMSTELT
2. CALL FETCHIWORD sL o NZAD)
CALL SLFIND(WORYSLTYP)
IF(LTYP oFQe 30) G2 TC 300
IF(LTYP «Fhe 31) GO T7 E
IF(LTYP oFQe 32) G0 T7 40
IF(LTYP «EQe 8) STOP
WRITE(6sT702)
GO T 20
3.7 WRITF(6s7703)
GCC TO 20
49 N = WORDI(3)
NFLG = O
CALL ADJUN ;
IFIN «GFe NSTT) GO TC 10 )
NFLG = 1
GN TN 930
5) [FI(NSSET oCFe N) GJ TO 3G9
WRITE(64T0.5) N Vo
CALL PRTFAC b
WRITE(69T706) B
STOP e
200 IFINFLG «EQe G) GO TD 999 v
WRITE(69T70.4) NeNSET
ARITF(6sT7LU3)
GO TO 20
993 N = NSET
699 PNHFLG = oFALSE o
ARFLG = oTRUF.

RETURN

7000 FORMAT (/9= PERIOD = =91PE1le39~ SECONDS 9y =9 =NELTA=F = =,
A £1%¢3)

G351 FORMAT(= N = =916~y IGAY = =912e¢= 9 NELTA-T = -
1 s1PE1Ce3/~- 1S THIS SATISFACTCRY=)

7002 FORMAT (= INPUT MEAKNINGLESS * ENTER YESs NOs CR NeVALUE-)
7503 FORMAT(- ENTER N» VALUE-)
7uu6 FORMAT(= N = =9169- UNACCEPTASLE ## N MUST-
1 - BE=sl69= TO MEET NYGUIST CPITFRICN=)
7005 FORMAT (- SCURCE FREAUENCIES REGUIRE THE ARRAY ST12EF -
1 -T0 BE =919//- PRIME FACTORS ARF=/)
7006 FORMAT(//= RUN IS 3FING TERMINATED =)
END !
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SUBROUTINE STRDTA(K1sK2sK3)
COMMON/COATA/ JCTRIDATA(2uUL)
COMMON/CFREQ/ NFRsFRI(6)
COMMON /CFLGS/ PLDFLGOSAKFLG
COMMUN /CCIRKT/Z NOLK»ITYP(3usl)
COMMON /CwORD/ wirD(12)
LCGICAL PDFLOG
JCTR = ITYP(INSLK + 1s2)
Ve 1lu 1 = 1leKl
iU VATALJCTR + [ -1) = wuki (]l + <)
JUTR = JCTR + K1
IF(K2 otQe u) GO TO 999
PDFLG = «TRUE
DO 20 I = 19K2
TEMP = WORODI(K3 + | + 1)
IF (TEMP oLTe le) GO 10 2V :
NFR = NFR + 1 b
IFINFR «GTe 6) GO TO 5u ‘
FRINFR) = TEMP
2u CONTINUL
GO0 TO v9%9
S5u wrlTel(bsTUul)
STOP i
TO0UU FORMAT (/= INPUT FREZQUENCIZS ExCttv SIX=/)
999 RETURN i
END
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LSTCOM (Continued)

70046 FORVAT(/’ICX’—DEMODJLATORS-—//

higre L

A - FMDEMO—oSXq-FM DEMCDULATCR-/
. ® = AMDEMO-35X 4 =AM DEMODULATOR =~/
% C = PHDEMO=-,5X4~PHASE DEMODULATOR=-)

* 7025 FORMAT (/91 Xe- MISCELLANEQUS =7/,

A - FRGMUL=-95X sy =FRFQUENCY MULTIPLIER~/,

C = IDLMUL=-43Xs=1DFAL YULTIPLIFER=-y

o - A‘-‘P—,SX ,—)'\PIDL:FIF:":‘/

- LIM=98Xs=LIYITER-)
TIChk FORVAT(/91:Xy—CCNTQ?L COMMANDS -7/
= PRINTT=4EX 4P INT TIME FUNCTION=/
PRINTF=35X s~PRINT FREQUENCY SUNCTION=/
TPLOTT -3 BX 4=PRINTED PLOT CF TIvF FUNCTION=/
= TPLOTF -9BX 9=PIINTER PLCT CF FRECUENCY FUNCTICN=y
CPLOTT=98X =350 2TC pLOT CF OTIVE FUNCTION=/
= CPLOTF=35Xs~3ENMDTE PLCT OF FREGUFNCY FUNCTION=/
3LOCK=~ 96Xy ~PROCESC SIGNAL T2 oyteLT oF B3LCCY SPECIFIED=-y/
PRIMEF=8Xs=LIST PRIME FACTCRS CF ALL SCURCE FREZUENCIE S~y
- ZND CF JOB=91X s =TERMINATES RUN=/
- INPUT FORY“ATS » 2L DCUMNAME LIST INPUTS FoR nNAavwEn ALOCK =~/
7007 FOR”AT(/oAX,—SpECXAL COMMANDS TO SPr(]Fy ARIAY S5125=-yy

A = YES—48Xs=LIRTED APRAY S17E ACCEPTARLZ-y

2 = NO=99Xs=LISTED ARRAY S12F NOT ACCEPTA3LE~y

A
hl
C

r

-

C—1 G nm-
[

. C = NowluxXs-SET AKRAY SIZE T2 SPECIFIER vALUR—/)
- 7008 FORMATI(/ 4= LIST Coxvaring- COMMANDS ARE LIST=ED 3y SIVING=-,

= TWO ALPHANMUVERI[C-/- ACORD SETS SFEPARATEN 2y A CovMA, -,
-THF FIRET 1Is =olH= =L IST COMMAND ymylH=/ 4= PCSSIELE~,
= SECOND WCINS AMD THE RESULTING QUTPUTS ARF—ay
= ALL=-912Xs~LIST ENTIRSE COMSAND STT-y
= SOURCZIS-y8X4e=LIST COMMANDS FAR SHURCE eLOCK S~y
FILTERS=98X4~L1ST COMMANDS FGR FILTHRS=-/
- CEMDDULATCRS~33Xy~L1ST COMMANDS F o2 LIMODULATARS -y
= MISC-s11Xs=LIST ATHER BLOCK COoMvaNng (AMD LTI oFTCy=/
= CONTROL=-9EX,-LIST CCNTRCL COMMANNS -y
= NSIZE=417Xs=LIST COMMAANLS CONTROLLING ABRAY SIZZ-y
= LIST COVMANDS-32X4-L1ST THE A=2VI INFORMATIAN=/)
7025 FORMAT (/- LSTCO™ CANNDT DFECCDT ~4h47)

END

NCOC—=I LMoy L s
[
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